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ON UNDERSTANDING LOGICALLY 
COMPLEX SENTENCES 


P. N. JOHNSON-LAIRD 
Department of Psychology, University College London 


An experimental investigation was made into the meaning of eight types of 
doubly-quantified sentence, e.g. "Every medicine cures some disease," ‘Some 
disease is cured by every medicine." All the sentences were ambiguous, depend- 
ing upon the interpretation of the quantifiers. Subjects classified diagrams 
representing different specific situations as truthfully or falsely described by the 
Sentences, The classifications revealed that the order of occurrence of the two 
quantifiers had a crucial effect, causing active and correlative passive to receive 

ifferent interpretations. ‘This suggested that in the process of understanding 
an ambiguous sentence a bias towards one intepretation may be created by word 
order, 


Introduction 


There is a controversy about whether the active and passive voice are always 
synonymous (cf, Chomsky, 1957, 1965; Katz and Postal, 1964; Ziff, 1966 ; Katz and 
Martin, 1967). It Seems to have arisen, in part, because of a failure to distinguish 
probable interpretations from possible interpretations. Consider, for example, this 


pair of quantified sentences: 
(1) All philosophers have read some books. 
(2) Some books have been read by all philosophers. 


Both sentences, isolated from any context, are ambiguous in the same way. They 
mean either (a) all philosophers have read some books or other, or (b) all philosophers 
have read some books in particular. But, although both sentences have the same 
possible interpretations, it seems intuitively that these interpretations Wu 
equally probable—they are not equally privileged. Sentence (1) scems more like y 
to reccive interpretation (a), and sentence (2) seems more likely to receive -—V 
tation (b). One aim of the present experiment was to test whether there was : : 
difference in the privileged interpretations of a variety of logically comple: 
sentences. p T 

Is there any explanation why these sentences should have different privileged 
interpretations? A preliminary answer is provided by considering their symbolic 
form within the quantificational calculus (cf. Ch. 4 of Suppes, 1957). 'The 
existential quantifier (Ex):stands for "there exists at least one x . . ^ and the 
universal quantifier (x) stands for “for any x....” Let x range over philosophers, 


ii 
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y range over books, and R stand for the relation of “reading,” then it is possible to 
express the two interpretations of the sentences in the following form: 

(a) (x)(Zy)(xRy) Every philosopher has read some books or other. 

(b) (Zy)(x)(wRy) There are some books in particular that every philosopher 

has read. 

These symbolic interpretations have their quantifiers in the same order as the 
actual sentences for which they are assumed to be privileged. Hence, an explana- 
tion for the effect is that word order determines which interpretation is privileged. 
What comes first in a sentence receives more emphasis than what comes later (cf. 
Johnson-Laird, 1968a, b) and the first quantifier will, in the technical sense, bind 
the second quantifier. This is not a complete explanation, however, until an 
analogue for the technical notion of binding is found in everyday language. Such 
an analogue is revealed by an examination of the expressions which realize the 
existential quantifier, e.g. “some,” “at least one,” “several,” “a few,” etc. All of 
these expressions are essentially ambiguous. Compare the probable interpreta- 


TABLE I 
Twelve basic quantified “two-place” relations 


I. (x) (Ey) (xKy) Every man knows some woman (or other). 

2. (Ey) (x) (x Ky) Some woman (in particular) is known by every man. 
3. (y) (Ex) (xKy) Every woman is known by some man (or other). 

4. (Ex) (y) (xKy) Some man (in particular) knows every woman. 

5. (x) (Ey) — (xKy) Any man does not know some woman (or other). 

6. (Ey) (x) — (Ky) Some woman (in particular) is not known by any man. 
7. (y) (Ex)—(xKy) Any woman is not known by some man (or other). 

8. (Ex) (y)—(xKy) Some man (in particular) does not know any woman. 
9. (x) (y) (xy) Every man knows every woman. 
Io. — (3)— (Ey) (xKy) No woman is known by any man whatsoever. 
II. (Ex) (Ey) (xKy) Some man knows some woman. 
12. (Ey) —(x) (xKy) Some woman (in particular) is not known by every man. 


(Ej) denotes the existential quantifier, 
negation. It is assumed that x 
“knowing”. 


(j) denotes the universal quantifier, and “—” denot 
ranges over men, y ranges over women, and K denotes the relation © 


tions of “John has several girl friends" and “John always has several girl friends" ; 
in the first sentence the reference is to some girls in particular, but in the second 
Sentence it is to some girls or other. Where there is only a single quantifier in the 
sentence the ambiguity is trivial, but where there are two or more quantifiers it may 
be crucial. When “some” occurs first it will receive a greater emphasis according 
to the hypothesis about word order. This emphasis is more in accord with “some 
in particular” than “some or other,” since emphasis is given to particulars rather 
than to vague generalities, The converse argument applies where the existential 
quantifier comes after the universal quantifier. This explains the privileged inter- 
pretations of sentences (1) and (2). But the explanation also applies to other 
sentences where intuition is a less certain guide, and by examining these sentences 
experimentally the theory is put to a more stringent test. 


ei 
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There are 12 basic quantified “two-place” relations, and these are listed in 
Table I in asymbolicm for and in a more or less idiomatic translation (““—” is the sign 
for negation). "There are other logically equivalent formulations of these relations, 
any one of which may be expressed in English in a variety of ways. But the material 
selected for investigation was of the same form as sentences (1) to (8). This 
material was chosen in order to investigate three variables: polarity—whether the 
sentence is affirmative or negative, voice—whether the sentence is active or passive, 
and word order—whether “some” is in the grammatical (surface) subject or object of 
the sentence, ' 

There is another reason for investigating these sentences. A traditional 
problem in the psychology of reasoning is to determine the influence of linguistic 
form upon judgements of validity (cf. Woodworth and Sells, 1935; Sells, 1936). 
The experiment: typically utilize syllogisms with singly-quantified sentences; but 
inferences may also be made with doubly-quantified sentences and these, too, may 
be influenced by linguistic form. Experiments could utilize either the unambiguous 
but stilted jargon of the logician (“For any man, there exists a woman such that the 
man knows the woman") or the idiomatic but ambiguous sentences of everyday 
discourse ("Every man knows some woman"). What, in fact, is needed is a 
preliminary study of the idiomatic material, since its very ambiguity may be a 
significant factor in reasoning. The present experiment was intended as a pre- 
liminary to a further study of inference. 


Method 
Task 


Each subject was presented with a series of sentences. For each one, ten diagrams— 
representing different states of affairs—had to be classified as truthfully or falsely described 
by the sentence. The diagrams were chosen so that their classification would elucidate the 
subjects' intepretations of the sentences. 


Design 

Each subject was his own control and received the eight different forms of sentence. In 
order to reduce residual effects from one item to the next, each of the sentences had a different 
lexical content. Such effects seemed likely to be greater for logical form than for lexical 
content, hence, as a procedural variable, a series of 24 counterbalanced orders of presentation 
was derived from three 8 x 8 Williams’ squares (cf. Edwards, 1963, p. 275). A separate 
order for the lexical material was assigned to each Williams' square; this provides only a 
crude control for effects associated with the lexical material, but it does provide an adequate 
control for any interaction between logical form and lexical content. The order of presenta- 
tion of the diagrams was randomly determined for every trial. 


Materials 

The eight logical forms were those of sentences (1) to (8) except that the words in paren- 
theses were omitted. "The universal quantifier differs between the affirmative and negative 
Sentences. Ina pilot study, the use of “any” gave rise to a peculiar difficulty especially with 
the affirmative sentences. Subjects tended to regard a sentence like "Any medicine cures 
Some disease" as true if a single medicine, chosen at random by the subject, cured some 
disease, Thus, the truth of the sentence depended upon *'the luck of the draw." “Any” 
was accordingly used only where there was no alternative, that is, in the negative sentences, 
since “Some medicine does not cure any. disease" differs in meaning to “Some medicine 


does not cure every disease.” 
LJ 
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The lexical materials are stated below in the same logical form throughout: 
(a) Every man knows some woman. 
(b) Every car overtakes some bus. 
(c) Every job requires some skill. 
(d) Every child loves some toy. 
(e) Every brother hates some sister. 
(f) Every liquid dissolves some solid. 
(g) Every medicine cures some disease. 


(h) Every animal possesses some instinct. 


These materials were selected so as to vary the types of noun (e.g. human, abstract, etc.) 
and the reversibility of the sentences, i.e. whether the two nouns could be interchanged 
without producing a semantic anomaly (cf. Slobin, 1966). 

The diagrams consisted of 3 x 3 matrices with each cell containing either a “1” or a o": 
a typical matrix is shown in Figure t. The ten matrices are shown in Table II. 'T'o under- 
stand the way the matrices have to be interpreted, imagine that they are paired with the 
sentence "Some woman is known by every man.” Each row in the matrices then represents 
a man, and each column represents a woman. A “1” indicates that the man in whose row 
it is knows the woman in whose column it is. A “o” indicates that the man does not know 


«—————5À 


2 
FIGURE 1. A typical matrix diagram. 


the woman. "Thus, the situation depicted in, say, matrix (8) is likely to be classified as 
truthfully described by the above sentence. 

The choice of the particular ten matrices was based on two grounds. First, they were 
chosen as a representative sample from the complete set of such matrices, ignoring rotations 
or other transformations which had no effect upon how the matrices ought to be classified. 
Second, they were chosen so that the likely interpretations of sentences would be clearly 
reflected in the pattern of the subjects’ choices. Three pairs of matrices, (3) and (8), (4) and 
(7), and (s) and (9), were chosen so that the logical classification would be the same for bot 
members of the pair. These mutually redundant pairs provide a simple test of whether an 
interpretation is within the quantificational calculus. 

The rows of the matrices always represented the logical (deep structure) subject and the 
columns the logical object of the sentences. This was likely to enhance any effect due to 
voice, but it was nevertheless left uncontrolled so as to minimize the difficulty of the task. 
To help subjects to identify rows and columns, a large “backing” card (9 in. x 6 in.) on 
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which there was an appropriately labelled blank matrix was on view throughout the classifica- 
tion. Eight backing cards were prepared: one for each set of lexical material, with the labels 
on the rows and columns typed in capitals. 

Each of the 64 sentences (8 logical forms x 8 lexical contents) was typed on a plain 5 in X 
3in.card. The matrices, 2 in. X 2 in., were drawn in heavy ink at one end of a similar card, 
so that the subject could hold a card in his hand and clearly see the matrix. 


Predictions 

The nature of the predictions was slightly unusual in so far as there were two levels within 
them. "Table II gives what will be termed the privileged classifications of the matrices. They 
rest on the assumption that subjects will give each sentence its privileged interpretation and 


TABLE II 


Ten matrix diagrams and the privileged classifications for the basic quantified relations 


I 2 3 4 5 6 7 8 9 Io 


OOO} |100| |100| |109| [Irr III| |IIO| |IIO| |III III 
1000} |O0OO| |100| joro| jooo| |100| |1o1 IIO| |III III 
OOO | |OOO| |100| joor | |ooo| |[100| jorr IIO| |oOO| |11I 


i. Every man knows some 


woman o o I I o I I I o I 
2. Some woman is known by 

every man o o 1 o o 1 o I o 1 
3. Every woman is known by 

some man o o o I I I I o I I 
4. Some man knows every 

woman o o o o I X o o 1 1 
s. Any man does not know 

some woman 1 I I 1 o o I I o o 
6. Some woman is not 

known by any man I I I o o o o I o o 
7. Any woman is not known 

by some man I I o 1 I o 1 o I o 
8. Some man does not know 

any woman I I o o I o o o I o 


9. Every man knows every 


woman o o o o o o o o o I 
10. No woman is known by 

any man I o o o o o o o o o 
ii. Some man knows some 

woman o I T I I X I I I I 
12. Some woman is not 

known by every man I I I I I 1 I t I o 


Se MM 

Note: Each row of a matrix represents a man, and each column represents a woman. A "1" 
under a matrix indicates that the matrix is classified as truthfully described, a “o” indicates that it is 
classified as falsely described. For convenience, the privileged classifications for sentences 9 to 12, 
not actually used in the experiment, have been stated. 
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then classify the matrices in a strictly logical fashion. These predicted patterns of classifica- 
tion may be summarized in the following way: 


Sentences Matrices truthfully described Matrices falsely described 

(1) At least one “1” in every row. At least one row of “‘o’s.” 

(2) At least one column of “r’s.” At least one “o” in every column. 
(3) At least one “1” in every column. At least one column of *'o's," 

(4) At least one row of “‘1’s,” At least one “‘o” in every row. 

(s At least one “o” in every row. At least one row of ‘‘1’s’’, 

(6) At least one column of “o’s”, At least one “1” in every column. 
(7) At least one “o” in every column. At least one column of “r’s.” 


(8) At least one row of “‘o’s,”” At least one “1” in every row. 


It is clear that subjects can depart from the privileged classifications in a number of ways: 
they may produce the unprivileged classification (i.e. the one appropriate to the correlated 
sentence of the opposite voice), or a classification which is neither privileged nor unprivileged 
although still within the quanti 
Table IT), or finally a classification which is outside the quantificational calculus altogether. 


Although subjects were expected to produce the privileged classifications, they were not 
expected to perform in ev. 


predictions were made C 
aspects of the sentences w 
from the privileged classifications. 
difficulty than affirmatives, 
unless they occur in plausible 
would cause more difficulty than actives, although this would be less than the effect caused iii) 
negatives (cf. McMahon, 1963; Gough, 1965; Slobin, 1966). Finally, it was predicted (ii 
that the word order of the quantifiers would have an effect. The privileged interpretation 
should be easier to make when “some” is in the grammatical subject than when it is in the 
grammatical object. The argument underlying this prediction is that be ina bject 
in the object, it is taken as "some or other" almost by default, i.e. ome oo 
therefore it does not mean “some in particular”. Accordingly, this should lead to a greater 
difficulty in classifying the matrices, 


Subjects 


The subjects were 24 first-year undergraduates (14 male, ro female) in the Department of 
Psychology, University College London. They were native-speakers of English but they 
were not familiar with the quantificational calculus. 


Procedure 


The subjects were all 
tested individually, 

The subject sat at the end of a table which was screened off from the experimenter’s part 
of the table. The experi 
the task was to determine wh 
of sentences. Each situation would be de 
duced and the way it was to be interpre 


ocated to a particular combination of logical and lexical material, and 


n make your classification. Make sure that your classifica- 
tion truly represents your considered opinion about the meaning of the sentence." Finally, 


} 

| 
| 
| 
| 
| 
| 


| 
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the subject was warned not to let his judgements be influenced by whether he thought the 
sentences were really true (or false). 

The experimenter produced the appropriate backing card and the matrices, and described 
the lexical content of the sentence. "The stopwatch was started as soon as the sentence was 
placed in front of the subject; it was stopped as soon as the last card was classified. The 
subjects were allowed to change their classifications, and the times recorded include intervals 
taken up by this. Between trials the experimenter recorded the time and the classifications, 
and re-ordered the matrices for the next trial, all of which took up an inter-trial interval of 
about 25 sec. 


Results 
Classifications 
‘Lue proportion of subjects making the privileged, unprivileged, and other 
classifications for each form of sentence is shown in Figure 2. There was no 
reliable difference in performance with the different lexical materials and no 


a it 

N 

" 

= 

ri Privileged 
o 

2p [77 Unprivileged 
a L| Other 
str clossifications 
eL 

S 

5 

a 

e 

a 


Eight forms of sentence 


FIGURE 2. The proportions of subjects making the privileged, unprivileged, and other classifica- 
tions for each form of sentence. (A number in a column indicates that the classification was 
privileged for the corresponding sentence c.g. 3 subjects gave sentence s the privileged 
interpretation of sentence ro.) 


interaction between them and the logical forms, hence the analysis was on pooled 
data. Thi modal classification for each of the eight logical types was the predicted 
privileged one. The average number of privileged classifications per subject was 
477 (out of a maximum of 8); since the probability of a given classification by chance 
is less than one in a thousand, it is evident that there was a very reliable bias in 
favour of the predicted classifications. . 

Since a major concern was whether the classifications were privileged or un- 
privileged, each classification was scored with respectto both of these interpretations. 
The higher score was taken as an index of which interpretation had been made. 
This made it possible to take all the data into account and to assign to each subject a 
number, ranging from 4-8 to —8, asa function of the degree to which he made the 
privileged interpretations. "There was an overall mean of +52, and all 24 subjects 
had a positive score, which is highly significant on a sign test (P = o:5?!). 
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Departures from the privileged classifications 


The maximum number of departures from the privileged classification which 
could be made on any trial was ten, since there were ten matrices to be classified. 
The mean number of such departures for each of the eight forms of sentence is 
shown in Table III, along with the classification times. An analysis of variance 
(2 X 2 X 2 fixed factors with repeated measures) indicated that both polarity and 


Tase III 


Mean number of departures from the privileged classifications and mean classification times 
for the eight forms of sentence 


Affirmative Negative 
Subject Object Subject Object 
Active Passive Active Passive Active Passive Active Passive i 
Sentence no. (4) (2) (1) (3) (8) (6) (5) (7 Overal 


Mean departures 
from privileged 
classifications o8 og o4 rI o3 0:9 24 23 dd 
Mean classifica- 

tion times (sec. 402 446 — 445 524 5077 48:0 64:5 744 52'4 
Note: the word order factor, 


» was 
in the grammatical subject or object of the sentence. 


’ and “object”, refers to whether “some tures 
The maximum possible number of depar use 
The sentence numbers quoted are those 


Departures from the privileged classificatio 
practice. 
If the subjects had performed as 


predicted in Table II, they would have classified 
an average of 5 out of 10 matrices 


as true on each trial. In fact, the overall 
was 4'5 matrices classified as true: 18 Subjects had averages less than 5, thre 
subjects had averages of greater than s, and the remaining three subjects ba 
averages of exactly s. Hence, there was a s 
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trend in the direction of an interaction between polarity and word order. There 
was a marked learning effect in the classification times of all eight forms of sentence. 


Qualitative results 


Relatively few classifications were outside the quantificational calculus, i.e. 
involved an inconsistent classification of a mutually redundant pair of matrices. 
Sixteen subjects were responsible for a total of 31 such classifications (16-1 per cent 
of all classifications). This percentage, however, constitutes just under half of 
those interpretations which were neither privileged nor unprivileged. It was often 
the case that a plausible account could be given for the interpretations outside the 
quantificational calculus. For example, three subjects presented with sentence (3) 
of the form “Every woman is known by some man” produced the privileged 
classification except that they classified matrix (9) as falsely described by the sen- 
tence. It seems they had taken the some or other interpretation so much to heart 
that they refused to countenance the regularity of two particular men knowing all 
the women. Conversely, with sentence (4) of the form “Some man knows every 
woman,” one subject took the some 7n particular interpretation so strictly that his 
classification represents one particular man knowing every woman and no other man 
knowing any women. 

The interpretations which were within the quantificational calculus but neither 
privileged nor unprivileged are harder to explain. Some of them seem to be no 
more than mistakes, e.g. (1) “Every man knows some woman” being interpreted as 
(11) “Some man knows some woman.” Others, particularly those involving 
Boolean combinations of the basic sentences, seem to have some obscure motivation, 
e.g. four subjects interpreted (3) "Every woman is known by some man” to imply in 
addition that (1) “Every man knows some woman.” This is, perhaps, a case of 
subjects’ judgements being influenced by the real world. Figure 2 shows that 
sentences (5) and (7) tended to receive a variety of alternative interpretations; as we 
shall see, these were not primarily due to misinterpretations of the sentences. 

Subjects rarely interpreted “some” to imply “not all.” Thus, for example, 
“Some medicine cures every disease” was deemed quite consistent with the situa- 
tion in which every medicine cures every disease. "This logical performance is in 
contrast to the view of Chapman and Chapman (1959) that, with singly quantified 
sentences, “Some A is B” is usually taken to imply “Some A is not B." Yet in 
ordinary discourse “some” often does imply “not all”; thus it may be that this 
implication is less strong with doubly quantified sentences. A related finding was 
that "some N”—where N stands for a singular noun—was rarely interpreted to 
mean just a single entity. One such case has been mentioned, there were only two 
others. 


Introspective reports 

No subject spontaneously complained about the ambiguity of the sentences, 
though it was evident that at least ten subjects had noticed the ambiguity of “some.” 
A number of subjects were able to state the features of the sentences which had 
caused them difficulty. These reports varied from general statements referring to 
"the negative sentences” or “the sentences with ‘any’ and ‘some ” to the more 
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sophisticated reports of the five subjects who said that "some" could be either 
singular or plural. This distinction was made even when it was clear that the 
subject had never interpreted "some" as singular. It represents perhaps the 
nearest that subjects could get to stating the distinction between some in particular 
and some or other. 

Only two subjects mentioned the passive voice; one subject said that he was 
surprised because some of the sentences could have been more simply expressed in 
the active voice, the other subject had “switched the sentences round when they 
were passives” though, in fact, this subject did not interpret the passives as synony- 
mous with their active correlates. "There were just seven occasions (out of 96) on 
which an active and correlative passive received the same interpretation. 


Discussion 


The task which subjects had to perform in the present experiment was difficult. 
It involved interpreting logically complex sentences with respect to a series of rather 
abstract situations. Nevertheless, the subjects consistently made the privileged 
classifications, with active and correlative passive sentences receiving different 
interpretations. The departures from the privileged classifications indicate that, 
as predicted, there was more of a consensus about the meaning of affirmative than 
negative sentences. There was, again as predicted, more of a consensus Whe” 

some was in the grammatical subject than when it was in the grammatical object 
Unfortunately for the assumptions on which these predictions were based, there was 
an unexpected interaction between the two factors: word order had an effect on the 
departures from the privileged classifications only in the case of negative sentences 
(cf. Table III). 


The main question which the interaction raises concerns sentences (5) and (7) 
e.g.: 


(5) Any child does not love some toy. 
(7) Any toy is not loved by some child. 


Why did these sentences receive more diverse interpretations than any others 
including those to which they are related by voice? One possibility is that these 
sentences are slightly anomalous, and one might even suppose that they are 
meaningless. Yet the answer, suggested by the subjects’ actual classifications, i9 
that they have more possible interpretations. This extra and unforeseen ambiguity 
is due to two factors, 

_ First, the word “some” in a predicate with a negative verb-phrase has an addi- 
tional ambiguity. So far, we have been considering the word pronounced [sam] 
which tends to occur with count nouns. There is another word, pronounced [sm], 
which tends to occur with mass nouns (cf. Bolinger, 1960). The difference 
between these two words is important in negative sentences: compare “John doesn’t 
like some ([sam]) people” with “John doesn’t want some ([sm]) butter.” The 
latter is logically equivalent to “John wants no butter whatsoever” but the former is 
not equivalent to “John likes no people whatsoever.” A written sentence like 
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"John doesn't want some pens" may thus receive any of three interpretations: John 
wants no pens whatsoever, John doesn't want some particular pens, or John doesn't 
want some pens or other (i.e. he doesn't want just any or every pen). 

Second, sentences with a negative verb-phrase and a realization of the universal 
quantifier in their subject are ambiguous. For example, *All women do not lie” 
may mean either that lies are not told by any woman (no woman lies) or that lies are 
not told by every woman (not all women lie). This ambiguity about the scope of 
negation occurs whether the verb is transitive or intransitive, whether it is active or 
passive, and whether the quantifier is "every," "any" or "all." It even occurs in 
attributive descriptions like “All the square is not red" (Wason, personal com- 
munication). 

Combining the two sources of ambiguity yields six possible interpretations for 
sentences (s) and (7). They may both receive any of the following interpretations, 
logically equivalent to those predicted for sentences (5), (6), (7), (8), (10) and (12): 


(5) Some toy or other is not loved by any child. 

(6) Some toy in particular is not loved by any child. 
(10) No toy whatsoever is loved by any child. 

(8) Some toy or other is not loved by every child. 
(12) Some toy in particular is not loved by every child. 
(7) No toy whatsoever is loved by every child. 


Itis a moot point whether these interpretations are possible for the voice-correlated 
sentences (6) and (8): 


(6) Some toy is not loved by any child. 
(8) Some child does not love any toy. 


On balance, it would seem that they are possible: “Some ([sm]) child isn’t sick" may 
be interpreted as “No child is sick," and “John isn't loved by any child" may be 
interpreted as “John isn't loved by just any (every) child." Hence, theoretically it 
would seem that sentences (5), (6), (7) and (8) are all ambiguous in the same way. 

This startling consequence is not borne out in actual performance. Sentences 
(6) and (8) are interpreted very much as though they were unaffected by the extra 
sources of ambiguity and are clearly differentiated one from the other. Word order 
is crucial: “Some” at the beginning of a negative sentence is even less likely to 
elicit the interpretation “none” than the interpretation “some or other"; “any” at 
the end of a negative sentence is more likely to elicit the interpretation “none” than 
the interpretation “notall.” Figure 2 shows that the most likely interpretations for 
sentences (5) and (7) are their respective privileged and unprivileged interpretations, 
though the other possibilities do alloccur. This suggests that sentences like “Any 
man does not know some woman” tend to receive interpretations consistent with 
“Some woman is not known by any man,” whereas “Any woman is not known by 
some man" tends to receive interpretations consistent with “Some woman is not 
known by every man." This is an effect on meaning which occurs in performance 
and which is due to voice and not to word-order changes brought about by voice (cf. 
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Johnson-Laird, 19685). It seems that the scope of negation tends to be minimized 
with respect to the "actor," but maximized with respect to the ‘‘acted-upon.” 

"There are a number of possible explanations for the differences in the classifica- 
tion times. It is possible that they are due to the pattern recognition aspects of the 
task, although the majority of subjects adopted no such explicit strategy. An 
informal study in which four subjects classified the matrices according to specified 
patterns showed that the average times were 8-o sec. for “at least one column of 
“o’s”” and 9:4 sec. for “at least one ‘r’ in every row." The average times for the 
sentences were all over 40sec. It therefore seems unlikely that the pattern recogni- 
tion aspects of the task were important. Since there was no reliable interaction 
between polarity and word order, it is possible that these variables had their effects 
on the classification times for the predicted reasons. ‘There is, however, a strong 
likelihood that it was the ambiguity of the sentences which was crucial. Recent 
studies (MacKay, 1966; MacKay and Bever, 1967) have indicated that the more 
ambiguous the sentence or phrase, the longer it takes to interpret or to complete: 

It seems that the negation of falsity is not psychologically equivalent to truth. 
The reliable bias towards classifying matrices as falsely described indicates that 
when subjects were in doubt, they chose falsity as the “safer” classification. When 
neither the privileged nor the unprivileged classification was made, there was ? 
tendency to go outside the quantificational calculus, e.g. one and only one man doe 
not know any woman. But, often this could be explained as a zealous, if n2/V^ 
attempt to distinguish some or other from some in particular. 

The fact that both privileged and unprivileged interpretations occurred demo" 
strates both surface and deep-structure processing of the sentences. Clark 2” 
Begun (1968) have shown both levels of processing operating in tasks where subjects 
had to detect or correct semantic anomalies. Katz and Postal (1964) proposed that 
for models of competence, all semantic interpretation is performed on deep 
structure, ie. grammatical transformations do not change meaning. It might 
therefore be supposed that, in actual performance, the listener needs only to extract 
the deep structure in order to understand the sentence. The assignment of surface 
structure would occur only in so far as it was necessary for the assignment of deep 
structure and, more importantly, it would be held only temporarily in immediate 
memory. ‘This is consistent with the fact that individuals remember sense not 
syntax. But it is this view which the present experiment casts some doubt upon: 
left-to-right processing is important because it biases the interpretative machinery. 
Surface structure provides clues to deep structure, but these clues—and in particu- 
lar word order—may point to only one interpretation of an ambiguous sentence. 
There is one difficulty with this argument, due to the lack of an account of the 
semantics of quantifiers. It is possible that the particular ways in which quantifiers 
are introduced into deep structures, or changed when deep structures are trans- 
formed into surface structures, would yield radical differences in the deep structures 
of voice-correlated sentences. It is hoped that this study of performance has 
demonstrated the need for a linguistic account of the semantics of quantifiers. 


The author is very much indebted to Dr. P. C. Wason for his inestimable advice and 
encouragement, and for a critical reading of an earlier version of this paper. 
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PROVING A DISJUNCTIVE RULE 


P. C. WASON AND P. N. JOHNSON-LAIRD 


Psycholinguistics Research Unit and Department of Psychology, 
University College London 


This experiment was designed to determine whether individuals reason correctly 
about disjunctive rules. The task consisted in the selection of appropriate 
instances either to prove, or to disprove, a given disjunctive rule. When the first 
component of the rule was negated, i.e. when the rule was logically equivalent 
to implication (p v q), the selection of appropriate instances was significantly more 
difficult than when the first component was not negated, The majority of 
subjects, however, revealed patterns of reasoning which were unstable and labile. 
The results are discussed in relation to those of previous experiments in which 
subjects had to reason about conditional sentences. 


Introduction 


Previous experiments (Wason, 1968) have shown that very few intelligent adults 
reason adequately about conditional sentences of the form, “if p then q”. m 
example, given a sentence like, “if there is a D on one side of a card, then there Pp 

3 on the other side", together with four cards bearing respectively D, 3, P and 7 
very few subjects recognized that the 7 was relevant to finding out whether me 
sentence was true or false. The form of the words, “if p then q,” however, 15 only 
one way of expressing the concept of implication (p > q). It can be expresse $ x 
different words using different logical constants, e.g. "there isn't p without d “7 
(pq), or in disjunctive form, "either there isn't p or there is q, or both" (p V q^ 
Is the difficulty of “if p then q" inherent in the concept of implication, or is it due 
to the words used to express the concept? The present investigation attempts 
to answer this question by testing the disjunctive form. It should be noted that the 
appropriate disjunctive form is inclusive rather then exclusive, i.e. the sentence ue 
true when p is true, when q is true, and when both p and q are true; it is false only 
when p and @ are true. In the present investigation, however, the inclusiv? 
inter-pretation was assumed and the words, “or both,” were omitted from the 
material. 

Since the propositional calculus counts the following combinations BE we 
conditional as true, pq, pq, pq, and only the one combination, pd, aS false, it can 
readily be seen that (p> q) and (p v q) have the same truth table. But although 
the conditional and the disjunctive form of implication have the same truth table, 
they have a different meaning. Previous research (Wason, 1968; J ohnson-Laird 
and Tagart, unpublished) has shown that the expression, “if p then q,” is construe 
as true only when both s and a axe tena. Mbre the exnrescsion. “either there 
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isn't p or there is q," would appear to be a more accurate description of the truth 
table. 

Itis known that the errors made in evaluating negative sentences are considerably 
greater than those made in evaluating affirmative sentences (Wason, 1959, 196r). 
Hence in the present investigation the disjunctive form of implication (p v q) was 
compared with the unnegated disjunction (p v q). (p v q) provides a base line 
against which the difficulty of (p v q) may be measured. Even though the present 
task is effectively binary, ie. p takes only one value, it was predicted that 
more errors would occur under the (p v q) condition than under the (p v q) 
condition. 

In the previous experiments (Wason, 1968), the subjects’ task was to select all 
those values necessary to determine whether a given conditional sentence was true or 
false. In the present investigation the subject was either told that the sentence was 
true, or that it was false, and then instructed to select values in order to prove this. 
Knowledge that the sentence is true or false does not logically affect the correct 
response—it is the same in bothcases. When the sentence is in the form (p v q) the 
correct response is to select p and q; when it is in the form (p v q) the correct 
response is to select p and q. However, when the sentence is known to be true it 
was considered more likely that the subject would make an erroneous “matching 
response," ie. he would select just those values mentioned in the sentence. 
Similar results have been noted in the attainment of disjunctive concepts by 
Bruner et al. (1956), and in a classification task involving disjunctive sentences by 
Johnson-Laird and Tagart (unpublished). It was considered, in addition, that 
this effect would be more pronounced with (P v q) than with (p v q) since it was 
anticipated that the latter would be too easy to reflect the effect. Hence the 
following interaction was predicted: the difference between performance in the 
“true” and “false” conditions would be larger for (p v q ) than for (p v q). 

The test sentences which were used in this experiment referred to all the stimuli 


which were presented simultaneously to the subject, ie. they were in the form, 


“Every card hasn't a P on one side, or it has a Q on the other side,” or “Every card 
has a P on one side, or it has a Q on the other side.” This allowed another factor 
in reasoning to be examined. ‘There is an asymmetry in proving the rule true and 
proving it false. Since under the true condition every correct stimulus was con- 

Ise condition every correct stimulus was in- 


sistent with the rule, and under the fa S i 
consistent with the rule, every correct stimulus has to be inspected to prove the rule 


true but a single correct stimulus is sufficient to prove the rule false. 


Method 


Design 

There were four basic experim« 
(pv q)T and (pv q)F. The subj 
these conditions once, ordered in 


mental conditions: (p v q)T, i.e. true, (p v q)F, i.e. false, 
ects acted as their own controls and were presented with 
a different one of each of the 4! permutations. 


Subjects 
Twenty-four volunteer undergraduate S 
individually tested. 


ubjects of University College London were 
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Materials 
The following four types of lexical material were constructed: 


(A) Every card has a number which is Roman on one side, or it has a letter which is — 
capital on the other side. 


(B) Every card has a rectangle which is vertical on one side, or it has an angle which is 
acute on the other side. 


(C) Every card has a square which is black on one side, or it has a line which is crooked 
on the other side. 


> * " . : 1 1 
(D) Every card has a number which is even on one side, or it has a letter which 1s 4 — 
vowel on the other side. 


Each of these four types of material was, in addition, negated in its first clause so that it 
corresponded to (p v q), e.g. “Every card has a number which isn’t Roman on one side, oF it 
has a letter which is capital on the other side." 

These eight sentences were typed on separate cards (5 x 3in.). It will be noted that the 
sentences are not strictly binary, but the stimuli used in conjunction with them made them 
binary. For each of the sentences eight stimulus cards were constructed consisting © 


= . B s . r 
exemplars of p or p on one side and qor G on the other side. The stimuli used for the fou 
sets of lexical material were as follows: 


(A) Roman numbers, Arabic numbers; capital letters, lower case letters. 
(B) Vertical rectangles, horizontal rectangles; acute angles, obtuse angles. 


(C) Black squares, white Squares; crooked lines, straight lines. 


(D) Even numbers, odd numbers; vowels, consonants. 


; four 
Table I shows the logical values on the stimulus cards associated with each of the 


experimental conditions. The values given first of all are those on the front of the car@5 
those given second in brackets are those on the back of the cards. 


TABLE I 


7 s s ch 
The logical values on the stimulus cards and the number of cards associated with €^ 
experimental condition 


P(P) a(p p@) dip) pa) al) pa) a) 


(pv qT I I I 2 g I = = 8 
(pvq)F 1 1 x = gs I 2 2 8 
(pvgT 2 x = I 1 1 2 8 
(pv qVF = 1 2 2 I 1 1 — 8 


The explanation fo. » 
follows. A necessary 


the front of the cards, 


r the choice of the particular set of values for each condition 1S 3 
constraint is that each of the values p, p, q, d, should appear twice d 
making a total of eight cards. Thus in the (p v q)T condition os 
necessary for G(p) and B(q) to occur twice because inclusion of (à) or q(p) would render 
tule false. A second constraint is that under the false conditions all four correct cards shou B 
render the rule false. Thus for the (P v q)F condition it is necessary that G(p) and p(a) oe 
omitted. It will readily be seen that similar principles apply to the stimuli in the (p v d ii 
and (p v q)F conditions. Inspection of the table also shows that the correct stimulus car 
are those which are doubly represented in each condition. 


Procedure 


" ante d 
The first 12 subjects were presented with the lexical material in the order A, B, C, D, ee 
the second 12 subjects in the order D, C, B, A. Under each of the four experimen 
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conditions the appropriate sentence was presented and the eight corresponding stimulus 
cards placed on the desk in front of the subject in a random array. It was explained to the 
subject that each sentence was a rule. Each condition had three phases: 


(1) The subject was told that the rule was true (false), and that he had to pick out the 
four cards which he needed to turn over in order to prove this. He was told that 
there were only four cards which it was necessary to inspect. The subject was 
given as much time as he needed to think, and then selected four cards. 


(2) The experimenter slowly turned over the cards selected by the subject, one at a 
time, and the subject was asked to tell him as soon as he was sure that the rule had 
been proved true (false). 


(3) The subject was asked why he had not chosen the four remaining cards. 


Results 
Each subject was given a score from o to 4 for each condition according to the 


number of correct cards which he had selected. ‘The mean scores were as follows: 
(pv q)T = 2:9, (p v q)F = 3°3 (Pv T = 26, (pv q)F = 27. The prediction 
that the negative conditions would be more difficult than the affirmative ones was 
confirmed (P = 0:04, Wilcoxon test, one-tailed). There was no significant 
difference between the true and false conditions and the predicted interaction was 


not confirmed. . . 
Table II shows the frequency of the selection of the logical values for each 


condition. 


Taste II 
Frequency of the selection of logical values for each condition 


p d Others Totals 


pq — pq Bq pd 
(pv q)T 17 6 o o I 24 
(pvq)F 19 3 2 o o 24 
@vqT 3 2 6 13 o 24 
(py 9)F 4 2 4 12 2 24 


mm. c P s a 


The frequencies in Table II, except those classified under "others," refer to the 
four selected cards, two for each value specified, e.g. the frequency of 17, under 
(p v q)T for pd, means that in 17 cases two values of p and two of G were selected. 
"The selections classified under “others” consisted of two cases of subjects selecting 
one value of each of the four values, p, P, q, d, and in one case of selecting two values 
of qand twoof G. The value of x? was computed independently for each condition 
and was significant in each case. It will be noted that, under all conditions, a 
correct selection was made more frequently than any other selection. Ignoring 
truth and falsity, pq was selected 36 times out of 48 for (p v q), and pq was selected 
25 times out of 48 for (p v q). Only four out of the 24 subjects were correct for all 
four conditions. 

The number of cards which the subjects needed to turn over in phase 2 before 
making a decision that the rule was true, or false, was computed independently for 
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the Tand F conditions. Only correctly selected cards were included because under 
the F conditions incorrectly selected cards do not falsify the rule. Each subject had 
two trials in the T condition and two in the F condition, and since a subject may 
make an incorrect selection on one or both trials, mean values over the two were 
computed. ‘Table III shows the number of subjects associated with each of these 
mean values. The correct number of cards to turn over in order to verify the rule 
is four, and the correct number to falsify it is one. Hence it will be noted that most 
subjects made a good approximation to the rational strategy. 


Taste III 
Mean number of cards turned over to prove that the rule is true or false 
Mean number of cards Number of subjects 
turned over True False 
4:0 II 3 
TO I 2 
2'5 I 2 
2'0 2 o 
r5 o I 
ro 3 13 


Subjects making incorrect 
selections on both trials 6 3 


——————————  ÁHEndÁ'EU—— 


At the end of the experiment an informal test was made of whether the subject? 
had been reasoning by inclusive or exclusive disjunction. The remaining cards 
were turned over by the experimenter to see whether a card which had both the 
values mentioned in the rule was counted by the subject as consistent or incon- 


sistent with the rule. In fact only three subjects gave evidence of reasoning 
exclusively. 


Discussion 


It is evident that the element of negation, which is inevitably present in the 
logical structure of implication, does, to some extent, contribute towards its 
difficulty. _ 52° per cent of the subjects reason correctly when implication is 
expressed in disjunctive form, compared with 75 per cent when disjunction is not 
negated. 

It is of interest to observe the types of error made in this experiment. Under 
the (p v q) conditions matching responses (mirror images of the correct selections) 
accounted easily for the majority of errors—9 out of 12. On the other hand, under 
the (p v q) conditions such responses accounted for only 10 out of 21 errors. It 
seems likely that the negative component induces a confusion which manifests 
itself in a greater variety of erroneous responses. There were 12 matching 
responses under the T conditions as opposed to 7 under the F conditions—a trend 
which is consistent with the predicted interaction between the truth of a rule and its 
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logical form. Contrary to the prediction, however, the difference between the 
matching responses for the T and F conditions was more pronounced for (p v q) 
than for (p v q). 

When correct selections of cards had been made the reasons given for rejecting 
the remaining cards tended to reveal an appreciation of disjunction. '"Those can be 
seen to prove at least half the rule." “Those four satisfy the conditions; so I do not 
need to turn them." When incorrect selections had been made the reasons 
reflect the erroneous matching principle and, in at least one case, a conflation 
between disjunction and conjunction. “Those are straight lines and white 
squares. The rule requires crooked lines and black squares." “Those are 
already incorrect on one side. I don’t know what is on the other side. You just 
can't do it with four cards." “I took the four which had an even number and a 
vowel so that if it had the other on the back it would prove the rule true." 

A very interesting effect due to the truth of the rule was observed. Four subjects 
matched on both the true conditions, but three of them made correct selections on 
both the false conditions. When the rule was true the following were the reasons 
for rejecting the remaining cards. “You are trying to prove the rule is true and 
these might disprove it." “Those others are not what is stated in the rule and the 
rule is true.” “I chose the true ones. No matter what is on the other side, these 
would proved the rule." When the rule was false, these subjects made the correct 
selections for the wrong reasons. “Tf I am trying to prove the rule false, then it is 
obvious you wouldn’t choose the ones which prove it correct.” “Those others are 
what is stated in the rule and the rule is supposed to be false.” “Those others are 
half of the rule which I’m trying to disprove.” 

The results of this experiment, when compared with those of Wason (1968), show 
that expressing implication as the disjunction, “either not-p or q", makes it easier to 
grasp than expressing it as the conditional, “if p then qi Just over halfthe subjects 
reasoned efficiently about the disjunctive expression, but in the previous experi- 
ments only 1677 per cent of the subjects selected q. ‘Thus the verbal guise, or 
description, of a rule has a marked effect on the way it 1s understood. 

'The most striking differences, however, are not just quantitative; they are 
qualitative. When the subjects are given the rule in the form "if p then q,” they 
tend to go wrong in a decisive Way. And little that one can do will evidently pre- 
vent them falling into error. No such feeling of finality attached to the responses 
in the present experiment. Sixteen out of the 24 subjects spontaneously 
doubted that some of their selections were correct. These doubts were expressed 
on 17 incorrect selections and on 4 correct ones. “I should have chosen the 


capitals instead of the lower case letters. They would prove the rule false" 
(selection right, comment wrong). “I was working on the wrong assumption. I 
if I had chosen the other four” (selection right, 


could have done it more easily n ae i 
comment wrong). “My mind went blank. Please let me think again (selection 


wrong, comment right). i . 
The labile arma e this kind of reasoning seemed to be associated with both 


affirmatively and negatively expressed disjunctions. One consequence was that the 
subjects were ready both to admit error and to gain spontaneous insight into their 
mistakes after they had made them. Very frequently the act of committal to a 
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choice immediately evoked misgivings. It is as if the “either. . , or” expression 
itself creates uncertainty. It breaks up the “direction” which seems to be strongly 
imposed by the conditional, "if... then,” sentence. With a conditional the 
individual is likely to be confident but wrong; with a disjunction he is more likely 
to be unconfident but right. The meaning of a conditional gives no hint of the 
negation or falsity which underlies its logic. The disjunctive expression makes this 
element explicit, but this seems to weaken the grounds upon which any inference 
can be made. In conclusion, a tentative answer may be given to the question posed 
in the Introduction. There would seem to be inherent difficulties in the concept of - 


implication, but the words in which it is expressed also effect both its ease of 
understanding and the manner in which it is construed. 
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III. EFFECTS OF SIMILARITY ON RECALL 


A. F. SANDERS AND J. J. F. SCHROOTS 
The Institute of Perception RVO-TNO, Soderberg 


The effects of similarity on short-term recall are investigated, by presenting lists of 
six consonants followed by short lists of consonants and more or less remote cognitive 
categories, i.e. digits, tones or spatial positions. Some evidence for release from 
interference, due to dissimilarity of interfering material, is found with consonants 
and tones, while almost complete release is shown when consonants are followed 
by spatial positions. Control experiments are included to account for alternative 
explanations, such as relative difficulty of the various categories, and different 
memorizing strategies for items, made up of many as opposed to two alternatives. 
The latter factor appeared to be of particular importance. 


Introduction 


A very critical issue in the controversy between decay and interference theory 
to explain forgetting in short-term memory (STM) concerns the effect of similarity 
on short term recall (Broadbent, 1963; Melton, 1963). It has been repeatedly 
shown that STM is sensitive to acoustic similarity (Conrad and Hull, 1964) and not 
to semantic similarity, as is usually found in verbal learning (Baddeley, 1966) but 
this has not been considered as clear evidence for interference theory. Other studies 
have shown effects of proactive and retroactive inhibition in STM (Sanders, 1961; 
Keppel and Underwood, 1962; Keppel, 1965; Wickelgren, 1965). The problem 
here is that a memory span type of experiment is not a pure measure of the contents 
of the hypothetical STM mechanism, but rather reflects a mixture of short- and 
more long-term effects. Some parts of a list can resist forgetting much better than 
other parts (Sanders, 1961) and a list, which is repeated within a test session, 
gradually shows better recall than non-repeated lists (Hebb, 1961). Therefore, the 
effects of proactive and retroactive inhibition may be solely due to the long term 
components. 

A strong test between interference and decay theory may be obtained by pre- 
senting lists, which consist of successive sublists from more or less remote cognitive 
categories. An interference theory would not predict substantial forgetting as long 
as the sublists are both within their respective memory spans and when the 
categories are remote in the sense that there are almost no mutual associative bonds 
between elements. A decay theory, on the other hand, would predict the same 
amount of forgetting, whatever categories are used, since it is assumed that 


2I 
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forgetting is mainly dependent on the time-lag between presentation and er 
So the decay theory is supported by data which suggest a constant attention ee 
(Mackworth, 1964) or a constant STM capacity in the case of recall of mu 

i sional signals (Harrison, 1 67). . 
ig: tie i ada (Sanders e Schroots, 19685), an outline was given ct. 
method to determine mutual differences between cognitive categories in an S E 
setting. It appeared that digits are more related to consonants than tones are, d 
that spatial positions are most remote from consonants. In the experiments - 
follow, it will be investigated how far successive sublists of these categories sho 
forgetting in comparison with lists from the same class. 


Method and Procedure 


s . le- 
The general plan of the experiments was to present lists of six consonants (6C), ee 
mented with a varying number of items from another category—i.e. digits, tones uc SB RO 
positions—or supplemented with more consonants. In the following the suppiem! 


oe , § an 
positions. Hence, the total list length (6C + RE, or 6C + RC) was minimally 8 

maximally 12 when RE consisted of digits or tones 
consisted of visual spatial positions 


0060020 (2) 
90906060209 OOOOOOwum 
009000606 OOOOOO!n 


FIGURE 1, A schematic sketch of the visual display (Group 111). 


took part in the experiment. Each group recalled y 
(6C + RE) and 5° control lists (6C -+ RC). 
digits as RE. The digits were taken from the s ding 
than once in a list, Group II contained 7 subjects and had tones as RE. To avoid cod! 


lists were recorded in advance 
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same time. Group III consisted of 7 subjects and was given visual spatial positions as RE. 
A visual presentation technique was needed therefore, the details of which are described 
elsewhere (Sanders and Schroots 19685; van Doorne and Sanders, 1968). It may suffice to 
show a schematic sketch of the display, on which the items were successively presented 
(Fig. 1). The number of items to appear in a list was indicated before presentation by a 
1-sec. flash of the appropriate light in row 2 of Figure 1. In case of a 6C + RC list the top 
row light flashed at the same time, but not in the case of 6C + RE. Consonants were 
mounted on top of the lights at the left side of the rows 3 and 4, and were only visible during 
presentation. "The lights themselves were mounted on reaction keys. "Therefore, a 6C + 
RE list consisted of a succession of flashes: the first six flashes made consonants appear, the 
remainder only lights, which had to be retained on the basis of spatial position. The 
consonants were reproduced by writing them down and the lights by pressing the succession 
of positions. Each subject was tested individually. The number of correct items was 
calculated for each subject averaging over the ten lists of the same length and composition. 
'These numbers were transformed to percentage correct recall of the 6C part, and separately, 
of the RE or RC part. In this way both parts of the list were equally weighted. This 
exposition outlines only the methods and procedure of the basic experiments. It proved to 
be necessary to carry out an additional number of control studies, which are described 


separately at appropriate places. 


Consonants and Digits 


Results 
Mean percentages of correct recall of Group 1 are presented in Table I. An 
analysis of variance, followed by post hoc comparisons of individual means 


TABLE I 
Mean percentages of correct recall (Group 1, main experiment) 


List length 
List composition 6+2 6+3 6+4 6+5 6+6 
Consonants + digits 68-4 88:5 565 75°3 610 537 530 384 543 394 
Consonants + consonants 65:8 6ors 590 szo 65:0 42°5 483 30°3 460 275 


—€————————————————————— QA RR Áo 


according to the Newman-Keuls procedure showed significant effects of list 
composition (factor A: F = 39:16; d.f. 1, 19), list length (factor B: F = 5434; 
d.f. 4, 91) and subjects (factor D: F = 24-95; d.f. 7, 91)- No differences appeared 
between parts of the lists (factor C), but a significant A x C interaction (F = 26:63; 
d.f. 1, 91) indicated that performance on either part of the list is related to list 
composition. ‘The better recall of successive sublists is only reflected in a dif- 
ference between RE and RC. Finally, a significant C X D interaction (F = 19,36; 
d.f. 7, 91) showed that performance on 6C vs. RE RC is affected by individual 


preferences for points of lists. 


Control experiment and discussion 
It would be premature to explain these results as due to categorical differences, in 


view of the possibility that the effect is a matter of relative difficulty to memorize 
consonants and digits (e.g. Mackworth 1963; Sanders and Schroots 19682). This 
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alternative requires a control, in which digits are supplemented with consonants. 
Method and procedure were analogous and ten student subjects took part. The 
results are in Table II. 


Taste II 


Mean percentages of correct recall (control experiment) 


List length 
List composition 6+2 6+3 6+4 64-5 64-6 


795 95'5 66:0 goo 56:0 79'0 sr3 650 475 6570 
780 grs 7z0 8ro 585 575 53°0 485 50°5 44? 


———M— MÀ M—— MÀ —M eA 


Digits + consonants 
Digits + digits 


Analysis of variance showed significant effects of list composition (factor A) 
list length (factor B) and subjects (factor D) (F= 6°57; df. 1,9; F= 196; 
d.f. 4°72; F = 4077; d.f. 9, 12.) Also, a significant A x C interaction was foun 
(F = 9:36; d.f. 1, 9), which was due to better recall of consonants. Therefore, the 
results are at odds with those of Group 1, which favours the hypothesis of release 
of interference. "The effect is rather slight however and only reflected in better 
recall of RE. This may not surprise, since consonants and digits are still que 
related categories. Furthermore it is still questionable whether the better rec? 
of RE is specifically due to categorical differences. Any structural change—^ f^ 
short extra time lag—within a list, may provide an anchor, resulting in slight 
better recall (Yntema, Worencraft and Klem, 1964). 

Nevertheless, the results provide a baseline. When more remote categories ars 
employed as successive sublists more gain should be expected than found her 


Consonants and Tones 
Results 


, Mean percentages of correct recall of Group 11 are found in Table III. 6C + i 
lists are much better recalled than 6C + RC lists (factor A: F = 234-73; d.f- 1» 7) 


Taste III 
Mean percentages of correct recall (Group 11, main experiment) 


; List length 

List composition 6+2 6+ 3 6+4 6+5 he - 
Consonants + tones 
Consonants + consonants 


81-2 930 64:8 86-7 so9'8 925 sos 8o8 sr8 864 
62:2 75'0 54°5 59°0 43°0 500 450 374 343 34 
E m oos. a - cac e REIS cei E 


and also list length and subjects differ significantly (factor B: F=28-94; d.f. 478; 
factor D: F 


= 25°09; d.f. 6, 78). Significant A x Band A x B x C interaction? 
(F = 345; d.f. 4, 78; F = 3:29; d.f. 4, 78) indicated that effect of list length ! 
related to list composition and to part of the list. The percentage of correctly 
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recalled tones did not significantly decline as a function of list length, while 
consonants were better retained in 6C + RE lists (A x C: F = 38:38; d. f. 1, 78). 


Discussion and control experiments 

Successive sublists have a large positive effect in this condition. Recall of tones 
remains about equally high as a function of list length, and also consonants are 
better recalled, when followed by tones; although there is still forgetting at long 
lists. However, as in the case of consonants and digits, the control is required for 
effects of relative difficulty. ‘This seems even more urgent since recall of tones may 
be highly affected by guessing. It was not justified to correct the data of Table IIT 
for guessing with the usual formula, requiring randomly distributed errors, since 
analysis of occurrence of errors in lists of tones showed much more clusters than 
could be expected on the basis of the probability distribution. However it can be 
assumed that guessing exerts some effect. A control experiment was carried out 
therefore, in which lists of tones (8-12), lists of consonants (8-12) and six tones, 
supplemented with consonants (2-6) were presented. Each condition and list 
length had six replications making a total of go lists. Ten students served as 
subjects, and the results are presented in Table IV. They show that tones are 


Taste IV 
Mean percentages of correct recall (control experiment) 


List length 
List composition 6+2 6+3 6+4 6+5 6+6 
‘Tones + tones 89:6 73:6 844 628 779 52:4 736 so8 678 468 
‘Tones + consonants 817 949 809 94°8 81-4 9o:9 68:9 79:8 71:2 676 
Consonants + consonants 56:8 625 476 57°6 524 50:3 4s4 4T4 363 376 


a 


better recalled than consonants but that best performance is obtained with succes- 
sive sublists (factor A: F = 95:86; d.f. 2, 18). Hence, better recall of successive 
sublists cannot be explained by relative difficulty or by guessing, although the data 
of Table IV show a that part of the improvement can be ascribed to such factors. 

An interesting difference between recall of consonants and tones is that better 
recall of tones primarily occurs in the first part of the list (A x C: F = 15:52; 


TABLE V 
Mean percentages of correctly recalled tones as a function of serial position 


Serial position 


List length " a. 3 g 6 F 8 9. to "1E 
8 93 88 9o 90 85 7s 68 75 
9 93 90 83 82 82 62 65 57 65 
1o 87 82 73 70 75 68 47 45 45 57 
II 68 82 70 75 68 so 52 35 42 58 68 
12 85 67 65 65 63 40 27 30 30 47 55 77 
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d.f. 9, 72). Analysis of recall as a function of serial position (Table V), shows a 
consistent high level of recall at the first five or six items, followed by a drop. The 
recency effect, which is generally found in recall of consonants, only appears at lists 
of length 11 and 12. Thus, performance in recall of tones, and perhaps in all two- 
alternatives sequences seems to be better on the first part of the list. It is not 
improbable that most guessing is found in the second part. At least, the results 
suggest a difference in memorizing strategy between lists of many and two 
alternatives. 


Control experiment 2 


Possible differences in memorizing strategy constitute another alternative 
explanation of the data of Table III and IV. The test included again three 
conditions: 6C + RE, 6C + RC and 6C + RE, where RE, indicates consonants 
from a set of two alternatives. List lengths (8-12) and conditions had six replica- 
tions, making a total of go lists. Seven students served as subjects. The results 
arein Table VI. The significant effects were list composition (factor A: F = 50°79; 


TABLE VI 
Mean percentages of correctly recalled items (control experiment) 


List length 


List composition 6+2 6543 6+4 645 6+6 
Consonants + tones 76:2 87:0 76:2 76:0 69:0 82:0 675 728 650 797 
Consonants + consonants (two 

alternatives) 60°7 97°5 477 867 451i 86:2 317 762 4oo 682 


Consonants + consonants 53:8 80:0 54:0 6ro 46:5 547 35" Sr4 317 4377 


d.f. 2, 12), list length (F — 37775; d.f. 4, 10), subjects (factor D: F = 15:29, d.f. 
6, 104) and A x C (F = 19:23; d.f. 2, 12). Post hoc comparisons showed no 
difference between 6C as a part of 6C + RC and 6C + RE,, while 6C as a part of 
6C + RE was better recalled. RE, and RE delivered about equal performance, 
both being superior to recall of RC. 

Hence, the results show indeed an effect of changing the number of alternatives 
within a list: tones are as well recalled as consonants, consisting of 2 alternatives. On 
the other hand, 6C lists are only better recalled if they are followed by tones. This 
scems to be the only genuine effect of the categorical differences. It shows that, 
using consonants and tones, only partial release from interference is found. 


Consonants and Spatial Positions 


The results of Group ut are presented in Table VII. The statistical analysis 
showed significant effects at factors A, B and D (F = 27:37; d.f. 1,6; F = 21-76; 
d.f. 4, 76 and F = 11:23; d.f. 6, 76) and at A x B(F = 3:26; d.f. 4,76) and A x C 
(F = 7:69; d.f. 1, 76). The effect of list length was much stronger at 6C + RC. 
6C as a part of RE did not significantly decline, when RE increased from one to five 


} 
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items. RE declined only at list length 5. So, the results of Group 1 show that 
6C -+ RE lists are much better recalled. It must be especially noted that both 6C 
and RE show no sizeable decrement, when list length increases. The decline of 
RE at list length 5 is in line with data on memory span for spatial positions 
(Sanders, 1968). 


Taste VII 
Mean percentages of correctly recalled items (Group 111, main experiment) 


List length 


List composition 6+1 6+2 6+3 6+4 64-5 


Consonants + positions 857 970 855 955 827 857 817 847 783 727 
Consonants + consonants 857 760 748 656 677 45°3 62:7 4277; 601i 34:6 
a 


It does not appear necessary to carry out control studies as was done previously. 
First, spatial positions have a lower span than consonants (Sanders, 1968), so that 
the argument of relative difficulty is not valid. Second, the number of alternative 
consonants and positions were equal. It seems justified, therefore, to ascribe the 
almost complete release from interference to the very marked categorical dif- 
ferences, When 6C + RE had a length of 10, 42:9 per cent of the lists were 
correctly recalled, making an average span of about 10 items, instead of the magical 
number seven (Miller, 1956). It may be that this large effect is related to different 
coding—i.e. acoustic with consonants and visual with spatial positions—reducing 
the mutual interference. Still, there is no complete additivity of memory span, 
since both RE and 6C may be slightly below the level that is found when they are 
measured alone. ‘This may constitute a minor decay factor. 


General Discussion 


show considerable evidence for improved immediate 
f successive sublists from most remote categories. 
able at consonants and digits, more clear with 


Consonants and tones, and approaches additivity of memory spans when consonants 
are followed by spatial positions. This is not in line with Mackworth’s theory of 
immediate recall, as determined by a constant attention factor (Mackworth 1964) or 
with Harrison’s suggestion of a constant STM capacity when i 
Signals are to be recalled (Harrison, 1967). The results with multidimensiona 
Signals may be due to order of recall. It is probable that when recall is done per 
item— i.e. all attributes of one item followed by those of the next one—much less 
correct recall is obtained than when subjects recall categorically—i.e. one attribute 
of all items followed by the next attribute (Sanders and Schroots, 19680). The 
latter strategy might enable subjects to recall all 16 values, when four items with 
four attributes each are presented, as was found on occasions by Harrison. 

The data are consistent with a conception of STM in terms of short term activa- 
tion of pre-existing units and associative bonds in a dictionary store, where 


The results, taken together, 
recall, when lists are made up © 
The effect is small and question 
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materials from more remote classes are less mutually interfering. A decay theory 
might still be correct, if the assumption of single channel transmission of items does 
not hold when remote categories are involved. If it is possible to rehearse during 
memorizing of items of the other class, a decay theory would not predict much 
forgetting. This possibility suggests some interesting experiments, both on STM 
and more typical topics from single channel theory such as the psychological 
refractory period. 
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HYPOTHESIS FORMATION AND 
PROBLEM COMPLEXITY 


IVANA MARKOVÁ 
Psychological Laboratory, Cambridge 


nes the relationship between hypothesis formation and 
the degree of complexity of the problem which has to be solved. Ninety subjects 
played a simple arithmetical game with the investigator. They were divided into 
two groups according to the type of problem given. The hypotheses formed by 
the subjects in the course of the game were classified under two headings; namely, 
Hi, trying to form a general and comprehensive strategy on the basis of an overall 
evaluation of the problem; and Hu based on a more detailed logical analysis and 
leading to a strategy with sub-goals. Hypotheses of the first type prevailed in the 
simpler versions of the problem, those of the second type were more frequent in 
the more complicated versions. If the number of alternative strategies is small, 
subjects are not forced to develop an abstract formulation of the strategies, and 
continue to operate with concrete strategies (e.g. I always take two chips). When 
there are many alternative strategies, subjects are forced to use more abstract 
analyses of the problem which appears to involve formulation of sub-goals. The 
consequences of both types of hypotheses for problem solving are discussed. 


The present study exami 


Introduction 


Behaviour during problem solving appears to be controlled by plans (Miller, 
Galanter and Pribram, 1960) or hypotheses (Wason, 1960) or strategies (Bruner, 
Goodnow and Austin, 1956). In the process of problem solving a subject may 
select one of many possible procedures for analysing and processing information, 
which he has either obtained beforehand in the form of instructions or which he 
has acquired in the process of learning. Scientific inference from hypotheses and 

f hypotheses is of concern in current philosophy of 


finding criteria of plausibility © i i 
science (Barker, 1957). Making inferences from hypotheses in problem solving, 
, fic thinking, has been discussed by Wason (1960) who 


and its relationship to scienti 


finds that "even" intelligent adults do not readily adopt a scientific attitude to a 


novel problem” (Wason, 1967): These findings raise the question of whether a 
“non-scientific attitude” has any connection with the structure of the problem 
given. Broadly speaking, the present investigation focusses on the level of generality 
of hypotheses formed by the S. and, in particular, on the relationship between the 
hypotheses and the complexity of the problem. | . A h i 
. Variants of the game «p “NIM” game were used in the investigation. f NIM 

18 a game for two and, according to game theory classification, it involves a zero sum 


TA Idesesisd ] was given in a paper read at XVIII International Congress of 
escription of this game 1966). 


Psychology in Moscow 1966 (Markova, 
29 
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and complete information. It is played as follows. We have a pile of chips from 
which both players take alternately either one chip or several chips according to 
the rules fixed in advance; the player left with the last chip is the loser. This game, 
in another variation, was investigated by Peterson (1920) and Waters (1928). 

The number of chips at the start is determined by the formula: nx -+ 1, where 
n = positive integer, x = k + 1, and k = maximum number of chips which may 
be taken. If both players know the optimal strategy, then the winner is always the 
player who plays second. Here optimal strategy is introduced only intuitively: 
each player is allowed to take at least one chip and not more than x —1 = k chips 
in each move; thus the second player can always complete the number of chips 
taken by the first player up to the number x = k + 1. Suppose, for example, that 
the total number of chips is 13. The rule specifies that, in each move, the player is 
allowed to take r, 2, or 3 chips. The second player, if he plays the optimal 
strategy, must always complete the number of chips taken to a multiple of four. 


Definitions 

(1) Hypothesis. In our work we start from the assumption that, in theoretical 
problems, the subject formulates hypotheses as propositions (e.g. hypothesis: On 
Mars there is life), whereas in practical problem solving (as in the NIM game, where 
the subject is supposed to perform an action to reach his goal), the subject trans- 
forms hypotheses into imperatives in his verbalization and in his thinking. On the 
basis of this assumption, we may infer hypotheses from the statements expressed 
by subjects, e.g., the hypothesis “if I take an odd number of chips in each draw I 
shall win” is transformed by subject directly into a prescription for action, which is 
verbalized as “take an odd number of chips in each draw.” 


(2) Set. We shall call each ordered k-tuple of ordered pairs of digits, which might 
make up an actual game, a set. Thus, 


(CD en (5s Jx))- 


i, = number of chips taken by the investigator in the uth round (one round is 
each ordered pair of draws of investigator and the subject, who is always 
the second player). And, 


ju = number of chips taken by the subject in the wth round. 


The digit k is determined in the following way: 
k = the only x such that 


x x 
3dade3 = Ni 
m=1 n=1 


(3) Strategy. Strategy is such prescription for action as enables some potential 


sets to be rejected and other sets realized. Each strategy therefore “cuts out” 4 
certain definite sub-class of sets. 


HYPOTHESIS FORMATION AND PROBLEM COMPLEXITY 31 


(4) Problem. The problem given to subject is to find a rule which determines the 
value of ją in dependence on i, with the result that one of the following sets arises: 


(Gea pee sx, 0) 
(Cano. Je © eersussereis ass (1, 9) 


(as Jan) pE ecce (1, 9). 


This is a class of sets where i, is arbitrary and j, is determined by the rule prohibiting 
the investigator from making an optimum draw. 


(5) An optimum draw by the investigator in the uth round of a game would be the 
draw by which he completes the number of chips so far taken to a multiple of z. 


(6) The optimum game for the subject would be the game in which the subject 
completes the number of chips taken to a multiple of z in each round. 


(7) The optimum strategy of the subject would be such a strategy which eliminates 


those games which are not the optimum games of the subject. 


(8) The solution of the problem given to the subject would be finding the rules of 


the optimum strategy. 

mulated in the statements of subject’s as prescriptions for 
action. A hypotheses or a sequence of hypotheses may be ascribed to each strategy. 
Each strategy may be connected with several different hypotheses. For example, 
let us have the strategy exemplified by use at the Bo (a (n3? (n3? 
<1,0>>. From this strategy, we cannot reliably infer which hypothesis the 
subject played—whether according to: to take only odd chips; the first draw one, 
others draws three; to complete the number of chips taken in one round to an even 
number; to complete the number of chips taken in one round to four; etc. 


Strategies are for 


Method 


Procedure 


There were two series of experiments. Our assumption was that the complexity of the 


game depended on the total number of chips used in the game and also on the number of chips 
which each player could take in each draw. In each series there were five variants of the 
NIM game. Four of them were actually played by manual manipulation of chips, and one 
ear oh: ae ccnsidnved: aly theoretically as a test of the strategy developed. 

First series. The games were in the following sequence: G3, GY, GY, GY (actual play); 
Gio : E 1 M . 

1 ts The subscript denotes the total number of chips for both 
subjects which must be taken in each round if the secgnd player plays perfectly (optimum 
strategy). "The superscript denotes the total number of chips in the game. 


The games were in the following sequence: Go, G$, GY, GF (actual play); 


aw” series. 
i jant). R : 

teas ein ER imposed. If after 20 sets or 60 min. the subject was unable to 

itive wt a hypothesis whieh determines © class of optimum sets, then the game was 

terminated [o investigator always started off the game, playing as well as the situation 
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allowed. For each subject the number of chips taken by the investigator at the beginning of 
each set was as follows. 


Ghar 2 r 2 2, ete: Gi 3 2 4 I 3 2 gew 
Gas; 2 tf $c Gir 3 5 2 4 I 3 S,etc 


This arrangement put all the subjects on equal footing, and reduced the number of sets. 


The subjects were 9o children, 15 years old at Prague comprehensive schools. They were 
selected at random among pupils with the highest marks in maths. The subjects were tested 
individually in a room in the school. They were divided into two groups of 45 subjects 
equalized according to score on the Raven matrices. The scores gave an I.Q. range of 
-115—132. The first group had 23 boys and 22 girls, the second 22 boys and 23 girls. 

Instructions for the first game were as follows. ‘‘Here is a pile of chips. ‘The number of 
chips is 13 (first series)—19 (second series). We shall both be taking chips from this pile, 
one after another. I shall be the first. Both you and I can take 1 or 2 chips (first series)— 
1 to 5 chips (second series) from the pile. The one left with the last chip from the pile loses 
the game. Do you understand? The game will be repeated 20 times. I shall always start. 
While you play, I would like you to think aloud. Please say all that comes into your mind as 
you try to solve the problem. Try to say everything even if you think that it has nothing 
to do with the game. Do you understand my instructions?" Where the subject did not 
understand, the instructions were repeated in the same words. 

Instructions for the second, third and fourth game were as follows: 

“Now here is a pile of 13 (first series)—16 (second series) and we are allowed to take 1, 2 or 
3 chips (first series)—1 to 4 chips (second series) from the pile. As before, we shall both be 
taking chips from this pile one after another and I shall always start first." 

Instructions for the fifth (theoretical) game were as follows. 

“Now imagine that there is a pile of so chips. In each draw you are allowed to take 1 to 6 
chips. How would you manage to win each game if I again always start first?" 

This theoretical variant was given at the end of each series only to the subjects who 
successfully solved the actual games. 


Scoring criteria 
We can distinguish logically two types of hypotheses: 
Hypotheses of the first type, H 


Definition Typical verbalization 
When (and only when) I carry out such and I shall carry out the following sequence of 
such sequence of moves, I shall win. moves.... 


It is obvious that in hypotheses of this type the subject tries to determine simultaneously all 
the sets whose final round is <1,0.> As the H, governs the whole action of the subject, it is 
necessary, if the hypothesis proves false, to substitute it with another, completely new 
hypothesis. Hypotheses H, are based neither on the analysis of problem situation nor on 
analysis of the goal. 


Hypotheses of the second type, Hy. 'This is really a sequence of hypotheses. This 
sequence consists of individual hypotheses that determine individual sub-goals only. 
last hypothesis is in terms of an actual draw. 


Definition Typical verbalization 


(1) When (and only when) I reach the (1) I shall reach the situation A). 
situation A, I shall win. 


(2) When (and only when) I reach the (2) I shall reach the situation Am: 
situation A,, I shall reach the situation 
A, 
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The hypotheses formed by the subjects in the course of the games were classified into the 
two types distinguished above, i.e. hypotheses of the first type, Hy, trying to form a general 
and comprehensive strategy on the basis of an overall evaluation of the problem; and 
hypotheses of the second type, Hm based on more detailed logical analysis and leading to a 
strategy with sub-goal aims. 

Classification into these two categories was made on the basis of the transcription of actual 
utterances by subjects in the course of the experiment. Individual moves both of the subject 
and the investigator were also recorded, but classification of hypotheses was made only on the 
basis of the verbalizations. This appears to be valid (Markova, 1964). The first two or 
three sets of the first game were mostly devoid of any verbailization: statements of the 
subjects were here of the type “I do not know why I have made this move" or “ I will try 
this or that for the time being”: the strategy is chaotic and nothing can be extracted from it 
that would correspond with H, or Hy. The stage of problem solving beginning, on average, 
with the third set of the first game is characterized by statements which can be classified as 
hypothese H; or Hy. 

balizations in the series of four actual games were of 


If more than half of subjects verbali 
character Hy, his record sheet was classified as an overall example of Hy, and vice versa for 
H,. These proportions were taken from, on average, five statement per first game and three 


statements per second, third and fourth game; but it was also true that subjects who used 
H, produced more verbalizations than subjects who used Hy. Changeovers in hypothesis 
For deciding that such changeovers had occurred, the 


type could be observed in the data. £ 
same criterion, one-half, was applied to each of the four games. ‘The changeovers are shown 


in Tables I and II. 
TABLE I 
First group 


Gs GG G Gi >G; Gs GoG Ge 


Changeovers j í 
Hy, o o I 2 2 1 o 
H, o o e i o o o 
= viis o o I 2 2 I o 
Taste II 
Second group 


EE P ee ME EE 


Changeovers Gs G4 6s G; G;>G, Gi GG, G, 
[de +Z 31 —» 5 b & 
Hy—H, I a 2 B S id : e 


W. hat changes tended to be in the direction H,—-H, 

5 S en results show t Hw 
ate oh ore ong t of the game rather than to the stage of the experiment. 
a e rela s 


Quantitative Results 


T tions are important. First, are the relative probabilities of hypotheses 
aft wo T. "" H, different for the two experimental groups? Second, is there 
SE cm Im ee cen the type of hypothesis selected and the successful solution 

connection 


of the game? 
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The data relevant to the first question are contained in T able II, which shows the 
number of subjects in each group choosing each type of hypothesis. _ The relative 
probabilities of Hy and Hy, may be said to be different in the groups if Table III is 
significantly non-homogeneous. The likelihood ratio test for. homogenity in 
contingency tables is discussed by Wilks (1935). The test statistic is 


P(data] Y) 
P(data/ Y;) 
where Y, is the hypothesis of homogeneity, (i.e. P(H;/group 1) = P(Hi[group 2) = 
%, say) and Y, is the alternative hypothesis which permits P(Hj) to assume a 


different value for the group. Maximum likelihood estimates are used for the 
parameters implicit in Y, and Y, and the test statistic then becomes 


K(Y,: Y;) = log 


2K(Y,: Y,) = p log xy— Pn, logx; . By log x.; +N log N (1) 


y 
where i.i. (= 1,2) refer to rows and columns in Table III, respectively, x is a row 
total and x.; is a column total and N is a total number of observations in the table. 
I(¥,: Y,) is also the estimate of the contingent uncertainty or information trans- 
mitted in Table III (see Garner, 1962). As N becomes large, 2 [(Y,: Y;) is 
distributed asymptotically as x? with 1 d. jJ. 
It happens that 2 7 = 28774 and this is significant at the 0-005 level. 


"TABLE III 
Frequency of H, and Hyg 
Experimental Type of hypotheses 
group H, Hn y 
First 37 8 45 
(complexity increase) 
Second 
(complexity decrease) 12 33 45 
x 


X 49 41 9o 


The same statistical method was used to answer questions about the relationship 
of hypothesis type tosuccess in solving. The relevant data are shown in Tables IV 
and V for the two groups. Each subject’s score may appear in any one of four cells 


"TABLE IV 
Frequency of Hy, and Hi, in the first group 
Unsolved Solved x 
Type of hypotheses G4—G; G4—G, 
H, 19 18 37 
Hy 3 5 8 
X 


22 23 45 
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according to the type of hypothesis selected and whether the problem is solved. If 
the selection of H; and the solving of the problem are independent events, then the 
table will be homogeneous (hypothesis Y,); otherwise, the data are a sample from 
some unspecified multinominal distribution (hypothesis Y,). Equation (1) gives 
21(Y,: Yj) = 0-51 with 1 d.f. for Table IV, which is not significant, and 3-87 with 
1 d.f. for Table V, which is just significant on 0-05 level. 


TABLE V 
Frequency of H; and Hy in the second group 


Unsolved Solved 

Type of hypotheses G4—G; G;—G, 
A, 9 3 12 
Hy 14 19 33 
x 23 22 45 


While Tables IV and V involves data from actual games, Table VI involves data 
from the theoretical game. The theoretical game, G^, was played only by those 
45 subjects who were successful in actual games. The same statistical method was 


used. 
TABLE VI 
Frequency of Hy and Hy hypotheses in G, game 
Type of hypotheses Unsolved G; Solved G, 5 
| i I 10 zu 
A o 24 24 
= 2s 34 45 


a OOO OOOO OOO d leslie 

Equation (1) gives 21 Y,: Y, = 20°99 with 1 d. f. for Table VI, which is significant 
b in AE P statistical results we can see that the relative probabilities of 
doe mes: 3 ces Hn nd Hj are different for the two experimental groups: in the 
fest rou (complexity increasing) the H; type prevails while in the second group 
(co at it decreasing) Hy is the predominating type. For the actual games there 

Weed. B oni ationship between the type of hypothesis formed and 


i isti ignificant rel in 
z i WD ise: solution for the first group, while in the second group 


A: ‘nificant. However, the connection between the type of 
e ait ` epee en is highly significant for the theoretical game: only 
i leads to de level of generalization required for more complex games. 


ualitative analysis of protocols X i 
Q E ative a p au e t type contain an element of chance associating them with 
T sm o thods, because they are not based on analysis of the problem 

aug error me ; “mechanical” character. If the situation is obvious 


situation. This points to their 
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in ali actual variants, H, is viable. Yet subjects may play an optimal game without 
understanding the structure of the problem; in each new variant of the game he 
must look for a new hypothesis because the hypothesis verified in one variant turns 

se in another one. . . 
gc come across a sequence of examples of H, we shall find that the relationship 
between individual hypotheses is very loose and purely external: it may be depen- 
dent either on time or an associations according to rules of the contrast, analogy, 
arithmetic series, etc. 5. . : 

The subjects formed the hypotheses H; according to their failure in a set. | Ifthey 
were unsuccessful and lost the set, they tried to arrive at another hypothesis not on 
the basis of analyzing the situation but intuitively only. ‘This explains why, in 
general evaluation, no criteria were found by which hypotheses of the H; type could 
be arranged into a system.t 2. 

On the other hand in hypotheses of the second type the individual hypotheses 
only aim at the sub-goals and, appropriately, transform the original problem into 
another one. A sequence of hypotheses determines the whole action. ‘The first 
sub-goal is reached quite empirically by the analysis of the last-but-one round. The 
situation here is viable as only small numbers of chips to be taken are left. Having 
solved this situation, the subject tries to find further sub-goals by recursion. 
When, for example, the subject has to solve the problem G, with 13 chips, he trans- 
forms it in the problem of how to solve the situation with nine chips, because he 
finds that if he arrives at the situation with four chips to be taken, he will always 
loose. Butthe problem with nine chips is transformed in to the sub-problem with 
five chips and, at last, he finds that the first move is decisive and that he must 
complete the chips taken to a multiple of four. 

Within hypotheses of the second type some subjects are not able to arrive at the 
right sub-goal, or they cannot complete the chain between individual sub-goals 
and an actual draw. Or they might oscillate between two sub-goals, one of which 


+ Examples of protocol 


Hypothesis 1: Game Gs; female M.M. Group II, Raven Matrices I.Q.: 121. 
(a) I will try to take one chip more than you. 
(b) Now I take a half less than you. 
(c) Now I will take one chip less than you. 
(d) Now I will always take one chip. 
(e) I will take the same number as you. 
(f) Now whenever you take the highest number of chips I shall take the smallest. 


Hypothesis 2: Game Gs was played: male R.H., exp. group II, Raven 127. 
(a) Isee, when seven are left I will lose. I must try to have my turn when there are six left 


(b) Itis the number seven that is important. How to get to it? I must play in such a way 5? 
that the number is for you. 


(c) Thirteen chips remain, it depends how many you take. Whatever you take the seven will 
remain to you. 

(d) What will be the situation if I take four at the beginning? You can take one to five No- I 
will not take four, I will take one for you to get 13. 

(e) Ido not know yet if I can win every time. I understand it already but I must not make ^ 
mistake. Whatever you take at the beginning I must complete the number to such 4” 
amount that 13 will remain for you and then seven. 
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was false. Example: Game Gs: “I must reach the number 13” (wrong). “I must 
not reach the number 13” (right) “I must reach the number 13,” etc. Sub-goals 
are of two kinds: to be reached by subjects (positive) or to be avoided by the subject 
(negative). Occasionally sub-goals were determined too narrowly or too broadly, 
Le. too few numbers to be reached or to be avoided were determined and vice versa 
for too broad. In the example of G4: “I must reach 6to win.” This is too narrow. 
Six or five would be connect. “I must not reach seven or eight to win,” is too 
broad, because eight does not matter. 

To play well a subject has to realise, at each draw, both which number of chips 
has to be avoided and which number should be achieved. Some of the less able 
subjects confused these two numbers. The successful subjects usually determin- 
ated the negative subgoal too broadly (e.g. to determine several numbers as decisive 


for winning although this did not matter). 

Sub-goal solving of the problem by means of H,, hypotheses brings the subject to 
the understanding of the structure of the game. This is proved by the fact that 
almost all subjects who solved Gg were also successful in G, (there were frequent 


comments such as: now I could solve any game of that type"). 


Discussion 


I shall try to explain why, in the first group, the H, hypotheses prevailed while, in 


the second group, the Hi, were used: the groups were equalized on the bases of 
results in maths and in Raven matrices. Success or failure in solving the actual 


games cannot be related to the type of hypotheses applied. In our opinion they 
depend rather on the stimulus situation and on structural relationships inherent in 
the problem. In such a simple game as G; a less ambitious approach is possible: 
in view of its simple rules, it is advantageous for the subject to try all the possible 
combinations of the set (“to take the same as you”, “to take the opposite to you 
and similar combinations) rather than to attempt the goal analysis. If the ache 
wanted to exploit the same possibilities while playing Gg, he would have to for eed 
late a large number of H; hypotheses which is obviously less effective than formu at- 
ing the Hj, type. As soon as the subject accepts this assumption and pr to 
form hypotheses of a certain type, his strategy becomes stable and he adheres to 
formation of a certain type of hypot 


heses even if it is no longer advantageous, lé. 
i; ; m -goal 
he tries to solve the variant Ga by eans of sub-g 


analysis because earlier he had 
sucessfully applied this analysis to Gg strategy; on vepres solves more 
ambitious variants by means © Hh, if he made use of it tor Gg p id . 

Newell, Shaw and Simon (1959) have suggested a pn hes ysis supe! 

ficially sirnilar to our sub-goal analysis based on H IH hypot eses. T p- isa RE 
analogy between their problem situation and that in our experiment. wi e em 
of regular transformation of any expression A into any expression B, Fev e form 
A, corresponds to our problem of how to transform (by playing) the initial position 
of G, into the "winning position,” in whatever way the investigator is going to 
Tove, and both are thus sub-goal analyses. In both cases there is a diminis ing 
of a difference”: in our case the mth move narrows and finally nullifies the differ- 
ence between the sub-problems before and after and after the mth move. 
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However, there are differences as well. The necessity of recursion to determine 
the whole action in case of Z is not analogous with Newell. The main difference 
is that the Newell general problem does not enable us (with the given list of operators 
unlike the Hao-Wang system) to find the algorithm which would solve the problem. 
Our general problem on the other hand, is strictly solvable: this was revealed in its 
different presentations: the subject in our experiment succeeded in solving the 
individual assignment only after having solved the whole general problem, i.e. not only 
after having won an individual set. In the Newell experiments, the subject 
succeded in solving the assignment when one of the instances had been solved, i.e. 
the given expression was transformed into another given expression. ‘This means 
that the subject was not requested to reach the general principle of regular trans- 
formation: this general "principle" was installed,with a certain limitation, into the 
machine simulating the behaviour of the Newell problem solver and it did not 
function, and even could not function, in all cases. These differences restrict the 
analogy between the results from the Newell experiments and the results of our 
experiment, and our results may not be found in other classes of problem. 


Iam greatly indebted to Dr. M. Haggard for his help with the manuscript and in clarifying 
ideas and to Dr. D. Laming for statistical advice. 
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RECALL OF DIGITS PROJECTED TO 
TEMPORAL AND NASAL HEMI-RETINAS 


H. SAMPSON 
Department of Psychology, University of Auckland 


Fourteen right-handed, right eye dominant subjects recalled digits when different 
ones were projected simultaneously to either temporal or nasal retinas. The 
principal findings were: (a) Recall of digits projected to nasal retinas was signifi- 
cantly better than when projected to temporal retinas; (b) information projected 
to the right eye was recalled significantly better than that projected to the left eye. 
It is shown that the relative ineffectiveness of the recall of input from the non- 
dominant eye can be attributed almost wholly to the relative inefficient recall of 


digits projected to the left temporal retina. 


Introduction 


Sampson and Horrocks (1967) have shown that if there is competition between 
inputs from each eye when the subject is required to recall digits presented visually, 


it is resolved in favour of the dominant eye. In their experiments, different digits 
were projected simultaneously to each eye, and subjects recalled those projected to 
the dominant eye more accurately than those projected to the non-dominant eye. 
A problem arising from this observation of theoretical interest, is to explain the 
relative ineffectiveness of the non-dominant eye. In view of the well-known 
partitioning of the retina into nasal and temporal regions, each with different central 
projections, it is possible that the result obtained because information projected to 
either one of these regions or perhaps both, is recalled less effectively than when it is 
projected to corresponding regions of the dominant eye. To examine this possi- 
bility, different digits were projected simultaenously to either temporal or nasal 
hemi-retinas in the present experiment, and the consequences of the resulting 


binocular rivalry for short-term memory assessed. 


Method 


Subjects 

These were 14 male university students. Their ages ranged from 19 to 28 years (mean = 

22 years) and they were all right-handed and right eye dominant. Handedness was deter- 
ini questionnaire composed of 20 items suggested by 


mined b; individuall administered : 
enis ioo Pa z dices of manual preference, and three additional items 
MacSweeney an 


designed by Gillies, d Zangwill (1960). Sighting preference was deter- 
fined by e din aiming test (Buxton and Crosland, 1937) and use of a card with a 4 cm. 
square hole in it. An AOA chart was used to check visual acuity, and each subject had 


normal and equal acuity in each eye. 
39 
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Apparatus 
A magazine-load automatic projector was connected to two interval timers permitting 
control of stimulus duration and interval between stimuli. Slides were "'gravity-fed" into 
the projector from a vertically placed slide holder. The timers controlled the shutter 
mechanisms of the projector. A day-view screen upon which stimuli for each eye were 
projected was placed 1 m. from the subject's eyes. The visual stimuli were arabic digits 
from 1 to 9, and they were projected in pairs either side of a fixation point so that in terms of 
visual angle, the centre of each digit was 5° from the fixation point, and a circle of 6° took in 
each pair of digits entirely. All stimuli were mounted in pairs on 5'1 cm. X 5:1 cm. slides. 
The fixation point was permanently mounted on the day-view screen. The subject's head 
was held in a head-rest, and he wore a trial frame when viewing the stimulus pairs. The 
trial frame’s eye pieces were fitted with half occluders which meant that after the subject was 
seated and had fixated the dot on the screen the occulder could be rotated to either nasal or 
temporal position and adjusted so that the subject could see the fixation point and only one 
digit with each eye. Two viewing conditions were used: 
Condition I: the occluder for each eye in the temporal position so that the stimulus is 
projected onto the temporal retina. 


Condition II: the occluder for each eye in the nasal position so that the stimulus i$ 
projected onto the nasal retina. 


Procedure 


The 14 subjects were divided into two groups. Odd numbered subjects viewed stimuli 
temporally and then nasally. Even numbered subjects viewed stimuli nasally, then 
temporally. Each subject was given 20 trials under each viewing condition. A tria 
consisted of four pairs of digits followed by a red flash on the screen signalling the end ofa 
trial. The combination of digit pairs on a trial was identical for each subject and on no tria 
did the same digit appear twice. A random order for individual trials was determined in 
advance for each subject. 

The subject was instructed to call out all digits he could remember in any order, as soon a$ 
possible after the signal to respond. This signal was delivered o-8 sec. after the last stimulus 
pair on atrial. The interval between the end of each pair of stimuli and the onset of the next 
pair was also o:8 sec., while the duration of each stimulus pair and the red flash was 0°3 $C 


Results 


Table I summarizes results of analysis of variance of percentage of digits 
recalled correctly. These percentages were transformed, angle = arcsin 


“/ percentage correct (Snedecor, 1956) before analysis. The principal findings were 
as follows: 


(a) Order of presentation of the viewing conditions, i.e. whether digits were 
Projected to nsaal or temporal retinas first, had no significant effect 0? 
recall. 

(b) There was a significant improvement (P < o-oo1) in recall under thé 
second viewing condition encountered in the experimental session. 

(c) Recall of digits projected to the nasal retinas was significantly bette” 
(P < oo1) than when they were projected to the temporal retinas. Order 
of efficiency of recall was right nasal (89-4 per cent), left nasal (88-0 pet 
cent), right temporal (87-8 per cent), left temporal (82-4 per cent) retinas- 


(d) Information projected to the right eye was recalled significantly bette? 
(P < oor) than that projected to the left eye. 
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TABLE I 


Analysis of variance of percentage of digits recalled correctly 


Source of variation MS d.f. F 
Groups (A) 4°80 I — 
Subjects within groups 182:44 12 
Total between subjects 13 
Nasal vs. temporal (B) 119°48 I 13°813T 
Order of conditions (C) 587:60 I 67:931} 
Left eye vs. right eye (D) 102:60 1 ir86ij 
AxD 5°41 I = 
BxD 15:23 I 1:761 n.s. 
CxD 14:81 1 1'712 N.S. 
D x subjects within groups 21774 12 2'513 N.S. 
Residual (error) 8-65 24 
Total within subjects 42 
55 


Total 


+ Significant beyond the oor level of confidence. 
1 Significant beyond the o-oor level of confidence. 


Discussion 


emory experiments (e.g. Brown, 1958; Mackworth, 1962, 
1962) have shown that information to be recalled is 
ya limited time. This being so, the more quickly 
he recalls, which suggests that in the present 
ained because digits projected to nasal hemi- 
ly (and therefore recalled better) than those 


Many short-term m 
1963, 1964; Sperling, 1961, 
available to the subjects for onl. 
the subject responds, the more 
experiment these results were obt 
retinas were processed more quick 


projected to temporal hemi-retinas. l k 
Bower and Haley (1964) using a Very different technique, arrive at a similar 


conclusion. In their experiment, they showed that when stimulus durations are 
very brief in conditions involving binocular rivalry, the rivalry is resolved in favour 
of nasal hemi-retinas. As stimulus duration is increased to the order of that used in 
the present experiment, rivalry is resolved in favour of the dominant eye. However, 
the present findings make it clear that the superiority of the dominant eye is almost 
wholly attributable to the relatively inefficient recall of digits projected to the left 
te ‘difigult to account for this solely within the context of the experiment. 
Subjects seem to have taken longer to process information from this region than 
from any of the other retinal areas. One possible reason for this may be that 
suggested by Mishkin (1962) to the effect that all visual information from the left 
hemisphere must be transferred to the right temporal cortex before it is processed. 

stem, crossed fibres are more effective than un- 


Assuming also that in the optic sy 
crossed (Rowse 1966; Bower and Haley, 1964; Crovitz and Lipscombe, 1963; 
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Sampson, 1962) an advantage would thus be given to input directly to the right 
hemisphere, and hence to the dominant eye. 

This experiment extends the range of conditions in which eye dominance plays à 
role in recall. Until now, eye differences in recall have been demonstrated only 
when the stimuli were perceived as overlapped when projected binocularly (Sampson 
and Spong, 1961a, b; Sampson and Horrocks, 1967). It now appears that the 
effect may be demonstrable in any perceptual situation which is novel and or 
difficult. 
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DIRECT MEASURES OF SHORT-TERM 
VISUAL STORAGE 


RALPH NORMAN HABER AND L. G. STANDING 
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ing seven conditions, explored the use of direct measures 
ach, the subject was asked to judge if an intermittent 
y continuous, or whether it completely faded before 
d. The first experiment showed that visual per- 
sistence was set at approximately 250 msec. for a recycling presentation of a 
circle in a tachistoscope; in another task employing a moving opaque slit passing 
back and forth over a circle, persistence times averaged 50 msec. longer. Reducing 
luminance by 2 log units increased persistence only slightly, though removing 
the adapting field increased it by over 100 msec. | The second experiment, using 
the repeating circle, varied the duration of the stimulus, and compared monoptic 
with dichoptic presentations. Visual persistence was found to be independent of 
stimulus duration over a range of 4 to 200 msec., where all durations were above 
recognition threshold for the stimulus. Persistence was unaffected whether the 
stimulus was repeatedly presented in the same eye or alternated between eyes, 
strongly suggesting that the storage is central. Finally, a re-analysis of Dodwell 
and Engel’s paper on stereopsis suggests that their effects can be adequately 
explained by visual persistence of the asynchronous stereo pairs, rather than a 
more complex fusion model. All of these results strongly support the use of 


visual persistence as a direct measure of short-term visual storage. 


Two experiments, involv 
of visual persistence. Ine 
stimulus appeared perceptuall 
the next presentation occurre: 


Introduction 


of vision” has been recognized for at least a hundred 
inted in 1962), interest in the topic has grown since the 
ential monograph (Sperling, 1960). Visual persist- 
at the neural representation of a stimulus persists for 
some time after the offset of the physical energy impinging on the receptor surface. 
Using the method of partial reports Sperling found that a brief visual stimulus (e.g. 
50 msec.) persists p erceptually for 300 msec. or more (and considerably longer if a 
dark post-stimulus field is employed). Keele and Chase (1967), also using partial 
report, estimate this storage time as 250 msec., while Averbach and Coriell (1961), 

a metacontrast technique, obtain values of approxi- 


using both partial report and i 
8 P P Other studies of short-term storage have been 


mately 250 msec. in both cases. S 
mate by Mackworth (1963), Eriksen and Collins (1967), and Smith and Carey 


1966) with broadly similar resu ts. Aq 
(1966) with broadly direct indicator of persistence. The assump- 


The partial report technique M Me Jac cr 
tion is made that under total report instructions, the subject is limited in the amount 


of information he can recall from the stimulus because of processing and memory 


Although the "persistence 
years (Helmholtz, 1866, repr: 
publication of Sperling’s influ 
ence refers to the possibility th 


43 
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limitations, and not because he failed to perceive most or all of the content of the 
stimulus. To eliminate this source of variance, Sperling asked his subjects to 
report only part of the content, that part designated for report at varying times 
after the stimulus was presented. He found, as have others, that the indicator 
could be delayed several hundred msec. and still permit greater accuracy than 
under full report conditions. If the subject is asked to report all of 12 items, 
and is correct on only four of them, he has only 25 per cent of the information available 
at the time of report. If he is asked for only one row of four items, and the subject 
reported all four, then at the time the indicator arrived, the subject must have had 
100 per cent of the content of the stimulus available. 

This procedure, and all of its variations, is indirect in that persistence is inferred 
from the decay in accuracy of report of partial information, under the sampling 
assumption spelled out above. It is also a very time-consuming experimental 
procedure requiring many hours of the subjects’ time. A more direct procedure 
is available, though it has not been seriously exploited. The most direct version 
would be to present the subject with a brief flash from an optical source of very 
precise rise and decay times, and ask the subject to rate or estimate its apparent 
duration. If brief stimuli actually persist for several hundred msec. beyon 
their offsets, such persistence should be measurable in estimates of apparent 
duration. This procedure is a very unreliable one, however, since the subject 
has no good standards for determining the absolute values of very brief pulses. 


Visual persistence effect 


Cycle time 


Stimulus presentation 


FIGURE r. A hypothetical view of visual persistence as a result of a repeating stimulus. The 


subject’s response of continuity or discontinuity is based upon whether he judges the persistenc? 
reached zero from the first flash before the second flash occurred. 


Sperling (1967) reports a variation of it, although he has not used it to determin? 
persistence. At the same time as the subject is given a brief visual flash, he heat? 
two auditory clicks, and is told to adjust the interval between the clicks to match? 
the apparent duration of the visual pulse. Under conditions in which little °" 
no visual persistence is to be expected (visual noise follows the offset of the stimulus 
immediately) the click interval is set at just slightly longer than the actual stimulus 
duration. Unfortunately, Sperling does not report data for conditions without 
visual noise in which visual persistence would be expected. 

A second technique, several variations of which are used in the experiments to be 
described here, presents the stimulus repeatedly with specific delays between each 


j" 
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repetition. The subject is asked to judge whether the perception of the stimulus 
had completely faded before the next flash occurred. The time interval can then 
be varied in order to locate the threshold of persistence. 

Two experiments are reported; in the first a comparison is made between two 
tasks designed to provide direct measures of storage times, while the second 
investigates three paradigms to measure storage times under monoptic and dichoptic 
conditions. The intention of the second experiment is to relate the concept of 
storage to the findings of Dodwell and Engel (1963) who have demonstrated the 
production of stereopsis from pairs of monocular stimuli that are presented alter- 
nately, and do not overlap in time. It is hoped that these experiments will 
demonstrate the feasibility of direct measures of storage times, and demonstrate 
how these measures may be applied to a problem in form perception. 


Experiment I 


The two tasks employed in this study are both intended to provide a measure of 
Storage time, but are otherwise quite different, since Task 1 uses a moving-slit 
apparatus, while Task 2 employs repetitive stimuli in a tachistoscope. ‘Task 1 has 

Haber and Nathanson (1968), in more general terms, 


been described previously by d 
and is based on one used by Parks (1965). Briefly a narrow vertical slit oscillates, 


in a horizontal plane, immediately in front of a stationary black-on-white form. 
The subject views the apparatus with steady fixation. When the rate of oscillation 
is sufficiently high, a whole form is perceived even though the slit exposes only a 
Small portion of the form at any one instant. As the frequency of oscillation is in- 
creased from zero, Haber and Nathanson (1968) have reliably observed the follow- 
ing stages: the shape of the form may be inferred, but the form is not perceived in the 
true sense of the word; the form is perceived as a whole, but it does not persist 
between successive sweeps of the slit, so that it is seen as present intermittently ; 
the form is seen as both whole and as continuous In time. We utilize the beginning 
of the third stage as indicating the point at which short-term storage time is exactly 


equalled by the sweep time of the slit. . 
Task 2 uses a brief trachistoscopic presentation of the whole test form, followed 


by a long exposure of a blank adapting field at the same luminance as the test field 
background. This cycle is repeated continuously, and the frequency is varied to 
find the frequency at which the form appears to be present continuously, rather than 
appearing intermittently. Again, the cycle time at this point provides a measure of 
how long the short-term storage must last for this phenomenally continuous percept 
to occur. As in the first task, we assume that the subject is capable of making 
meaningful “psychological reports” (Natsoulas, 1967) concerning his percepts. 
Figure 1 presents a hypothetical view of the subjects’ report in Task 2. 


Method á 
; «peri 4 T jects were employed. Ni yi 
Subjects. Twenty-four experimentally naye subjec ployed. ine were 
Ts oe students in psychology at the University of Rochester; most of the remainder were 
non-psychology undergraduates. All possessed normal or corrected vision. Two potential 
Pe ; «lueion? which i 3 
Subjects were rejected due to inability to obtain the illusion” which is the basis of Task 1. 
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Apparatus and experimental tasks. The apparatus for Task 1 has been described by 
Haber and Nathanson (1968). It consists of a vertical oscillating slit driven by an electric 
motor, the rate of oscillation being precisely controlled by the experimenter by means of a 
continuously variable speed control on the motor. The slit, cut in a large piece of white card- 
board, was 5 cm. high and 0-2 cm. wide; it oscillated horizontally through a sweep of 4 cm. 
The stationary test stimulus was located o:1 cm. behind the slit, at the midpoint of the sweep, 
and comprised a circle, 3 cm. in diameter, drawn in black with a o'r cm. line, upon a white 
card. The contrast ratio was approximately 90 per cent. Due to its size, only a small 
portion of the circle was exposed at each instant in time as the slit swept back and forth 
across the circle; the mean proportion of the time for which each element of the circle was 
exposed to the subject was 1 in 20. The apparatus was viewed from a distance of 30 in. and 
was illuminated from directly in front. Fixation upon the centre of the circle may be 
maintained quite easily under these conditions. 

The apparatus used in Task 2 was a Scientific Prototype two-channel tachistoscope 
(model 8ooF). A circle, identical to that used in Task 1, was exposed in the test channel, 
followed by an exposure of a blank adapting field, at the same luminance, in the second 
channel; this sequence was repeated continuously. "The ratio of the exposure durations for 
the stimulus and the blank channel was always maintained at 1 to 20, while the length of the 
cycle (test plus blank field duration) was varied to find the threshold for apparent visual 
persistence for the form. The length of cycle time at this point provides a measure of the 
short-term storage time required to produce this phenomenal effect. As in Task 1, the 
viewing distance was 30 in. Durations of the tachistoscope were calibrated using a photo- 
multiplier tube and oscilloscope. Calibration is necessary for extreme duty cycles (on to O 
ratio of more than 1 to ro) with this tach. 


Procedure. Two versions of each task were used: high and low luminance (o5 and 50 ml.» 
respectively). Each subject was tested with each of the four resultant task-luminance 
combinations; the subjects were arranged in six 4 x 4 Latin squares which were forme 
using all 24 possible orders of the four experimental treatments. All four treatments Wer? 
given in a single experimental session of about 2 hr.; 10 threshold measurements were taken 
in each, using alternate ascending and descending series in the method of limits. Steps ° 
20 msec. in the cycle time were used. 

Measurements of storage time were also made in Task 2 with 2 of the subjects after the 
main experiment was finished under conditions where a totally dark adapting-field alternate 
with the test stimulus (at so ml.); all other conditions were as before. 

For Task 1, the subject was instructed, “While the experimenter adjusts the speed of the 
moving slit, maintain fication steadily at the mid-point of its movement. You may be ? 
to see a circle behind the slit; on each trial, which will be indicated by the experimente" 
saying ‘now,’ say ‘C’ if the circle appears to be present and continuous in time, ‘D’ if it appeats 
to be present but discontinuous in time, or ‘zero’ if you do not see the circle. The perceive 
continuity of the circle need not be perfect: it may appear to fluctuate somewhat without 
losing the appearance of being present continuously. However, you should rate the circle 3$ 
discontinuous if you can perceive a blank interval, however brief, between presentations ° 
the circle. Do not allow the presence or absence of apparent movement of the circle, oT ° 
flicker in the background, to influence your report of what you perceive, as these effects ai 
irrelevant to the phenomenon under study.” f 

For Task 2, the subject was instructed, “Fixate the circle, which will be presented in 
the tachistoscope, and say ‘C’ if the circle appears to be present continuously, ‘D’ if it appears? 
to be discontinuous, or ‘zero’ if you do not see the circle.” "The remaining instructio? 
were identical to those for Task 1. 

The subjects were encouraged to ask questions if they did not fully understand the task. 
While they were kept unaware of specific experimental hypotheses, they were alway? 
informed that even if the test stimuli sometimes appeared continuous in time, they were nor 
physically So. Thus, while subjects had a specific set to look for continuity or visu? 
persistence, they were aware that perceived continuity was always illusory. It was stress® 


me 
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that there were no “right” or “wrong” judgements, and that a direct report of the subject’s 
perceptual experience was desired. 


Results 

The ratings of “C” and “D” given in each task for the ascending and descending 
presentations were used to calculate each subject's persistence threshold for 
storage time under each treatment. No "zero" responses occurred. Reversals of 
ratings occurred in a few series (about 15 per cent), and were usually confined to two 
or three trials. The ten threshold values were averaged for each subject-treatment 
combination, to yield four mean storage times for each subject (see Table I). 


TABLE I 


Mean storage times for Task 1 (moving-slit apparatus) and Task 2 (tachistoscope), under high 
and low luminance conditions, and for two subjects in Task 2 in which the adapting field was off 


Task I 2 
Luminance level (ml.) 50 o5 50 O'5 5o (dark 
interval) 
Mean storage time (msec.) 3191 338:9 261:2 2957 405°0 
Standard deviation (between f : 
subjects) (msec.) 33°5 316 257 29:3 37 


E ——M—————————— 


The ten thresholds on which each mean is based were found to have a standard 
deviation of 31-2 msec., within subject-treatment combinations. To facilitate com- 
parison between Task 1 and Task 2, storage times 1n each task were taken as the 
total time at persistence threshold, i.e. the sum of stimulus and blank field exposure 
durations, rather than blank field duration alone. (If storage time were expressed 
as blank field duration alone, this would reduce the calculated storage times by only 


5 per cent.) 


The mean storage times obtained above were submitted to an analysis of variance. 


An identical analysis was also performed on the standard deviations of these 
Storage times. The first analysis showed that the storage times obtained in Task 1 
were significantly longer than those obtained in Task 2 (F = 11:5, 1 and 15 4. jin 
P < ooi) For both tasks, storage times were longer ed low, as compared to 
high, liminance, but this difference failed to reach statistica significance (F= à 4 
1 and 15 d.f., P > 0705). However, a sign test of this difference indicated that it 

e level (32 positive differences in 48 comparisons, P — 


Was significant at the oo c ons, 
aog). The interaction hos luminance level and tasks was not significant 


PZ d.f., P > 005). ; ss ee 
The TM dori Sc showed that subjects differed significantly in their mean 


storage times (F = 8:5, 23 and 15 d.f., P < 0-01). While this factor is confounded 
With order of testing, the latter is shown to be irrelevant, since no differences ina 
found over the successive stages of the four experimental treatments for each 
Subject (F — 1), and individual differences were equally pronounced on the first 
task performed by each subject. Pooling each subject's storage times for high and 
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low luminance levels, the correlation (rho) between storage times on the two tasks 
was found to be 0-37, a value which is significantly greater than zero (P < 005). 

'The second analysis, based on the standard deviation of the ten threshold 
estimates for each subject-treatment combination, showed that variability of per- 
formance was not significantly affected by any factor except subjects (F = 6:6, 23 
and 15 d.f., P < 0o01). 

The mean storage time for dark adapting-field conditions (see last column 0n 
Table I) was found to be 390 and 420 msec., for two subjects, with a combined 
standard deviation of 37 msec. (The mean storage times for these subjects were 
273 and 240 msec. when the test and adapting fields were both at 5o ml.) 


Discussion 


'The results show that in four experimental situations subjects are able to make 
judgements of apparent visual persistence, with a standard deviation of about 10 
per cent of their mean values. Thus, direct measures of storage time are at least 
capable of providing reliable data, despite the use of inexperienced subjects. No 
difficulties were found with this technique, it yields values which are consistent with 
other approaches to the study of short-term storage, and its simplicity, speed and 
reliability suggest it is a useful method for examining the factors which determine 
the efficacy of visual storage mechanisms. For example, we have readily foun 
increased storage times to occur when a dark interval is substituted for the lighte 
adapting field in Task 2, as would be expected from Sperling’s (1960) results. 

Regarding the validity of the data, the results indicate that on average 4 form 
presented for approximately 15 msec. persists perceptually for about 300 mscc. This 
agrees well with the estimates of Sperling (1960) and of Averbach and Corriell (1961) 
for similar, lighted adapting field conditions: 300 and 250 msec., respectively. While 
test stimulus durations are longer in these studies than in the present case, Sperling 
(1960) has suggested that for above-threshold stimuli, storage time is almost inde- 
pendent of stimulus duration, so that these studies may meaningfully be compare 
with the present findings. (We also have found—see Experiment II—the storage 
time to be largely invariant under wide changes in stimulus duration.) ‘Thus Ts 
believe that the two tasks employed in the present study do in fact measure the 
visual persistence of brief stimuli in much the same way as do the more elaborate bu 
cumbersome partial report and metacontrast methods. 

The storage effect is very robust under changes in most stimulus parameter? 
(except for adapting-field luminance, according to the results of the dark-conditio? 
data on two subjects), and this is illustrated by the present finding that a reductio” 
in test stimulus luminance of 2-0 log units hardly alters the storage time. be 
tendency for storage time to increase by 20 to 30 msec. for the low-luminane? 
condition (which is about 0-5 to 0*7 log unit above threshold for recognition of t? 
circle), if this is a genuine effect, may result from the fact that the adapting field 1° 
also of lower luminance and thus less likely to obliterate the image of the circle- 
lower level of light adaptation is also known to reduce the temporal sensitivity oft 
eye appreciably, by increasing the critical duration for visual integration of lumi 
ance (Barlow, 1958), and by lengthening the perceptual latency of the visu? 
system in some cases (Standing, Dodwell and Lang, 1968). ‘These effects wou 


SHORT-TERM VISUAL STORAGE 49 


presumably reduce the ability of the eye to detect the discontinuity of the intermit- 
tent test stimulus in the present study. 

A more surprising feature of the results is that storage time as measured by Task 
1 was approximately 50 msec. longer than that measured by Task 2, although both 
estimates are plausible in view of other studies of short-term storage. While the 
optical quality of the image in Task 1 is inevitably lower than that in Task 2, and 
the subject must refrain from making eye movements if the image is not to vanish 
altogether, the moving-slit apparatus does eliminate the slight but detectable tran- 
sient in field luminance which invariably occurs when switching fields in a tachisto- 
scope. Itmay be that this transient acts to a slight extent as a “backward masking" 
stimulus (Raab, 1963) to reduce the adequacy of the image stored in the visual 
system. Various other possibilities exist: subjects may adopt a lower criterion for 
visual persistence in the first task, or the visual system may respond more slowly to a 
form that is presented a small section at a time, rather than all at once (with 
repetition rate held constant) This would be analogous to the finding in flicker- 
fusion studies that flicker is harder to perceive when a dim light, or one that is 
spread out over time, is employed (Bartley, 1963). E» 

While it would be valuable to determine the reason for the longer storage times in 
Task 1, the finding of fairly similar values for Task 2 goes some way to confirm the 
analysis made by Haber and Nathanson (1968) of Parks’ (1965) results. The 
“camel seen through the eye of a needle” effect is not based on post-retinal re- 
integration of visual forms, as Parks suggested, but on the “painting” of these forms 
out across the retina, and their slow decay in the short-term store, so that the next 
presentation of the stimulus occurs when there is still an appreciable trace in the 
visual system from the previous presentation. However, although the moving-slit 
task is easier for subjects to judge; according to their reports, Task 2 is preferable as 
a technique since it provides much greater flexibility in varying parameters. 

The differences found between subjects in storage time are no larger than 
individual differences typically found in psychophysical studies. Sperling (1960) 


has shown that the stimulus trace decays in a gradual, monotonic curve; therefore 
subject in a very real sense must adopt a criterion, to be able to specify the inter- 
stimulus interval at which the trace just decays to zero before the next presentation 
of the stimulus. The reliability of judgements 1n this study (apat cm 
mental reports by the subjects) b that EO Lahey to impose this cut-off on 
i -merience without excessive di 3 
EP s cud correlation of storage times between as €— 
Suggests that the tasks were sufficiently different so that subjects reacted to them 1n 


somewhat different ways. Until more attention is paid to individual differences in 
psychophysical tasks, further interpretation of the magnitude of this correlation 1S 
» 


highly speculative. 


Experiment II 


One aim of this experiment is to study visual storage time as influenced by 


x : i i hould not appreci- 
d he test stimulus, which Sperling (1960) suggests $ : 
ably age ca Another aim is to relate the results from three versions 0 
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tachistoscopic task employed in Experiment 1 to measures of “stereopsis time" 
obtained in studies where the two eyes are stimulated, asynchronously, with the two 
members of a stereo pair (Dodwell and Engel, 1963; Efron, 1957). 

Three paradigms were employed in this study; they are illustrated in Figure 2; 
together with the paradigm used by Dodwell and Engel (1963) to investigate 
binocular fusion. In the latter case, the dependent variable was the appearance of 
stereo depth in a random brightness field (Julesz, 1965), such that the depth was 
perceptually continuous, whereas the dependent variable in the present paradigms I 
the appearance of perceived continuity of non-stereo stimuli. In both cases, 1t 18 
convenient to use Dodwell and Engel's notation of SI and LI, respectively, to refer 
to the “short interval" within pulse pairs (or the duration of a single pulse, as 1 
paradigm 1), and the “long interval" between each pair of pulses (or, the inter- 
pulse interval, as in paradigm 1). 


Paradigm 1 (visual storage) 


RE. R.E. 
ttu Time 


RE. RE. RE. RE. 


RE. LS RE. LE: 
sees fe ge 
kakor Time 
Dodwell & Engel (stereopsis) 
RE LE. RE LE 
asai ape 
SI LI dh 


. FIGURE 2. Presentation paradigms used in Experiment 2. "The abscissa represents the presen 
tion of the test stimulus to the right eye (R.E.) and left eye (L.E.), respectively. An adapting 
(not indicated) is present between each pulse of the test stimulus. 


Method 


H ^ H : e 
Subjects. Three new subjects were used, one each in paradigms 1, 2 and 3. All we 
experimentally naive and possessed normal uncorrected vision. 


Apparatus and tasks. A three-channel Scientific Prototype tachistoscope (model GA) was 
used. In paradigm 1, single repeated exposures of the test stimulus (a circle, identical t° 
that used in Experiment 1), are presented monocularly in one channel of the tachistoscoP 
for SI msec., followed by a blank adapting field for LI msec. in the second channel. 
paradigm 2, the stimulus is presented monocularly in the first channel, as in paradigm? 5 
except that two 10 msec. pusles separated by SI msec. are used. In paradigm 3, tO." 
msec. pulses separated by SI msec. are presented to the right and left eye, respectively, using 
two channels of the tachistoscope and an arrangement of Polaroid filters. In paradigm? 
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and 3, the interval, LI msec., between pairs of pulses is filled with an adapting field. Test 
and adapting field luminances were set at 20 and 1o ml., respectively, for all paradioms 5 
Procedure. Using the pardigms described above, the procedure followed that of Task 2 
Experiment 1. The threshold for perceived continuity of the test stimulus, at each of 12 SI 
durations ranging from 4 to 200 msec., was determined by varying LI in steps: of 20 msec. 
and obtaining the subject’s judgement of continuity versus discontinuity at each LI lue. 
'Threshold is taken as the LI value which produces 50 per cent “continuous” TeSDOnSes; 
'Two ascending and two descending series were made of each threshold, over a range of 8 LI 


Steps. 


Results 
The data for the three paradigms are displayed in Figure 3, in which changes in 
persistence (LI) threshold are plotted against log exposure duration (SI). It is 


3 240 
3 
= 200 
8 
El 
* 160; 2 
5 — Paradigm | 
5 [ —- Paradigm 2 
5 I2Op  -------- Paradigm 3 
L o—— Dodwell and Engel (stereopsis) 
Bo 04 06 08 tO 12 14 16 t8 20 22 24 
log SI 


hold (maximal LI for which subject judges continuity of persistence) 


as a function of log SI, for each of the three paradigms of Experiment II. Each curve is for one 
subject, with each point based upon four threshold determinations. Also: threshold values of LI for 


stereopsis, redrawn from data of Dodwell and Engel. 


Ficure 3. Persistence thres 


clear that for each paradigm, persistence is invariant over a wide range of stimuli 
durations. Further, each of the three procedures yields approximately the same 
Storage time (220 msec.), even with different methods of presenting stimuli. 


Discussion 
Experiment 2 yields several important results. That visual persistence is 
independent of exposure duration supports a basic argument of Sperling (1960, 
‘on of a short-term visual storage 


1967) regarding the independence of the duration o rt-term v 
from the duration of the stimulus that created it. Sperling’s evidence rested 
primarily on indirect measurement of storage—the probability of reporting part of 

ay of the indicator, varied over arange 


the stimulus array correctly as a function of del: 
of 10 to 500 msec. Recently, Raymond and Glanzer (1967) reported an apparent 


failure to replicate this invariance under conditions of presence and absence of 
either a pre- or a post-visual noise field. However, they use very low luminance 
levels (1-5 log unit lower than Sperling’s), so it is quite likely that the stimulus array 
was at or below threshold for the briefest flashes. There is no reason to believe that 
persistence of storage should be as long for a subthreshold flash as for a supra 
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threshold presentation, and certainly, there is nothing in Sperling’s work to suggest 
this prediction. 

Paradigm 3 provides a test of a central vs. peripheral locus of visual storage, and 
the results strongly support a central interpretation. Using monocular presenta- 
tions (paradigm 2), the stimulus must be repeated in the same eye within 220 msec- 
for the subject to judge it as continuous, and any delay beyond 220 msec. elicits a 
response of discontinuous. However, using dichoptic presentations, a delay as 
long as 440 msec. for either eye will still produce continuity, as long as the other eye 
also received a flash halfway through that time interval. Hence, it is not the indi- 
vidual receptor that must be stimulated at least as often as every 220 msec., but 
some central locus that is combining inputs from the two receptors. ‘This finding 
does not eliminate the psosibility that the neural persistence may be retinal, in the 
sense that a brief (but above threshold stimulus flash) may continue to produce 
excitation for several hundred msec. which is transmitted to the brain. However 
the subject’s judgement of persistence (and in Sperling’s work, his processing ° 
information) must be based upon some central events, and not simply upon 
persistence of retinal stimulation. This argument, among other things, makes the 
after-image an improbable mechanism for visual persistence underlying short-term 
visual storage. 

. Figure 3 shows that the short-term visual storage effect lasts at least as long as the 
intervals over which Dodwell and Engel (1963) were able to obtain stereopsis- 

seems that their results, while empirically correct, reflect storage processes and not 
mechanisms of binouclar fusion as these authors believe. The assumption by 
Dodwell and Engel that they have demonstrated the quantitative features of a centra 
mechanism for stereopsis appear unwarranted. Our view is that, whatever the 
mechanism for perception of depth as a result of disparity between two dichopti 
stimuli, all that is required is that the two inputs be perceptually present at the same 
time, a point which was clearly recognized by Munsterberg (1896). The present 
study suggests that this condition may easily be fulfilled, due to the storage effect at 
interstimulus intervals where Dodwell and Engel have found stereopsis to occur: 
We also note that Kahneman, Norman and Kubovy (1967) have found perfect 
binocular summation in an acuity task when two successive flashes of 160 msec 
each are presented dichoptically. Again, sizeable dichoptic temporal integratio? 
must be occurring even though no special mechanism for stereopsis can be involve® 

Julesz (1965) has produced evidence, from a masking study, that the time 
constants for the perception of depth are longer than for the perception of form in the 
Do stereo stimuli. This finding is to be expected: the temporal sensitivit 
of a Ligher-order process (stereopsis) can only be expected to fall below that of the 
constituent processes (form perception). It also tends to support our contenti? 
that the threshold curve of Dodwell and Engel indicates the extent of visual storage 
(under the rather different conditions of their study), rather than the limits of 
central nervous system's ability to integrate asynchronous stereo information 
infer depth, since it suggests that failures in perceived continuity will occur firs 
in the perception of the monoptic forms, as LI is increased, while the sensation ° 
depth can persist at higher values of LI. Thus, we infer, the threshold value of 
will not reflect the temporal properties of the mechanism for stereopsis. 


E 
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Conclusions 


'The two experiments taken together support the following statements and 
interpretations. 


(1) Visual persistence can be directly measured by asking subjects to judge whena 
repeating stimulus has completely faded before its next appearance. These 


judgements are stable within and between subjects. 


(2) This stability of persistence was assessed in two somewhat dissimilar tasks 


with remarkably similar overall results. 

(3) The thresholds for persistence were on the same order of magnitude of those 
for the indirect assessment of the duration of short-term visual storage (250 to 350 
msec.) so that it seems likely that measurement of visual persistence is a direct 


assessment of short-term visual storage. 


(4) Visual persistence is slightly longer (20 to 30 msec.) when luminance is 
reduced by 2 log units. It is markedly longer (120 to 180 msec.) when no adapting 
and background field isused. Both of these findings agree both with data on short- 
term visual storage, and the general effect of luminance changes in the eye. 


dent of the exposure duration of the stimulus 


Visual istence is indepen 
(5) Visual pers: This supports Sperling's fin dings. for above 


over a range of 4 to 200 MSec. 
threshold stimuli. 

(6) Visual persistence is the same whether the repeating stimulation comes in the 
same eye, or alternates betweeneyes. This strongly supports a central locus for the 


effects of persistence and of short-term visual storage. 


i j i lar fusion and the perception 
Finally, Dodwell and Engel's work on binocu i 

of en be much more parsimoniously explained as the persistence and decay 
of dichoptically presented stimuli, rather than through some special properties of 


Stereopsis. 
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STIMULUS CHANGE EFFECTS OF 
FORCING ON MAZE ARM SELECTION 
IN HAMSTERS 


R. N. HUGHES} AND D. E. BLACKMAN} 
Department of Psychology, Queen's University, Belfast 


Hamsters were forced to enter one arm of a T-maze on four succesive runs by 
means of either a grey door of the same brightness as the rest of the apparatus or 
by a black or white door. During four successive free choices the subjects 
entered the previously blocked arm significantly more often following forcing 


with the black or white door. 


Introduction 


Dember and Fowler (1959) have shown that “forcing” a rat to enter one arm of a 
T-maze by blocking the Alternative will tend to increase alternation on a following 
“free” trial withoutany forcing barrier present. Dember (1961) suggested that this 

d attractiveness of the previously blocked 


effect could be accounted for by increase 
m due to the stimulus change produced by intertrial removal of the 
Tentative evidence for this view was produced by Hughes 


forcing barrier. t í 
(1966) who, using rats, found more initial orientation towards and partial entries of 
the alternate arm of a 'T-maze m forcing with a wooden barrier than follow- 
ing either no forcing or forcing with a “less perceptible” transparent barrier. 
(It was argued that intertrial removal of the transparent barrier represented the 

y was designed to retest Dember's 


lowest degree of change.) The present stud : , 
explanation. It was felt that removal of a black or white barrier from a mid-grey 


'T-maze would represent a higher degree of change than removal of a mid-grey 
barrier from the same apparatus. As Dember and Millbrook (1956) have shown 
that arm preferences are directly related to the amount of intertrial brightness 
change, it was hypothesized that there would be a greater tendency to choose the 
arm previously blocked with a black or white forcing barrier in the course of four 


successive free trials. 


alternate ar 


Method 


Subjects and apparatus ; 
The subjects were 12 Gol 8 male, 4 female) about 7 months old, kept in 
individual cages in the experimenta M aratus was a wooden T-maze with 

4 in. long and the two arms 


walls 6:5 in. high and a startbox 10 in. 
+ Now at Department of Psychology, University of Canterbury, New Zealand. 
f Psychology, University of Nottingham. 


+ Now at Department o 
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were each 18 in. long. At the end of each arm there was a 10-in. long goal box of the same 
width and height as the arm with which it was connected by a 4 X 4 in. opening. The 
width of the maze, startbox and goalboxes was 6 in. throughout. The whole apparatus 
was covered by hinged, wire-gauze lids and its interior was painted mid-grey. 'The arms 
could be blocked off from the stem by painted, aluminium guillotine doors. 


Procedure 


The general procedure for each subject involved a series of four successive forced trials 
followed by four successive free choices for eight consecutive days. There were two 
forcing conditions. In condition G the subject was forced left or right four times by 
means of a barrier of the same brightness as the rest of the maze, i.e. mid-grey. In condition 
B/W, it was forced four times with a black (for half the series) or a white barrier (for the 
other half). In both conditions each forced run was followed by 30 sec. confinement to 
the entered arm, and then by 30 sec. back in the startbox. At the end of each series of 
forced trials, the subjects were given four successive free choices being confined to the 
chosen arm and then the startbox for 30 sec. at the end of each choice. All subjects exper!" 
enced both conditions four times and were forced left for half their forcing series and right 
for the other half. The first arm entered and total entries of the alternate, previously 
blocked arm were recorded for each subject during each series of free choices. 


Results and Discussion 


The total number of first choice alternations in the four series of free choices in 
each condition were counted for individual subjects. Also, for each free-choice 
series in the two conditions every hamster's total entries of the previously blocke 
arm was determined. From these latter totals, representative individual score? 
were arrived at by calculating medians of the four free-choice series in eac 
condition for each animal. All scores were then compared between conditions 
by means of Wilcoxon matched-pairs signed-ranks tests (see Table I). 


TABLE I 
Medians of the two-response measures following two-change conditions, and results of 


Measure Change conditions T N z 
G B/W 
"Total first-choice alternations 3°00 3°00 6:0 6 ou 
Median entries 2775 3°00 10:5 10 73" 
——— ——— A MN ord 
TP «oos. 


On the first runs of the four free choice series 10 out of 12 hamsters in conditio” 
G and 12 out of 12 in condition B/W chose the previously blocked arm more tha? 
50 per cent of the time. According to two-tailed binomial tests these numbe!? 
were significantly greater than chance expectancies (G, P—0:038; B/W, P «Co'002/ 
Likewise, the median entries of the previously blocked arm were greater tha 
chance for 10 and 12 subjects in conditions G and B/W, respectively. 
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Although there was a significant effect in the direction predicted on median 
entries, this effect would seem to be slight in view of the lack of a significant 
difference between the two conditions on total first choice alternations. Never- 
theless, it can be concluded that the hamsters showed on successive free choices a 
greater preference for entering the arm that had been previously blocked by a 
black or white door, i.e. the arm in which the greater brightness change had 
resulted from intertrial removal of the door. This would appear to support 
Dember’s (1961) explanation for the effects of forcing. However, it is also possible 
that the greater preference for the previously blocked arm in the B/W condition 
was merely a carry over from the forced to the free trials of preference for the 
barrier and hence arm that was different in brightness from the rest of the apparatus. 
Further experimentation could determine which of these two interpretations 


is the case. 
The authors are grateful to Mr. Trevor Williamson who ran the animals. 
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REVERSAL LEARNING OF OBJECT AND 
POSITIONAL DISCRIMINATIONS BY 
MINK, FERRETS AND SKUNKS 


BARBARA A. DOTY AND WALTER C. COMBS 
Department of Psychology, North Central College 


Mink, ferrets and skunks were tested on successive reversals of two-choice object 
or positional discriminations in a modified Wisconsin General Training Apparatus. 
All species showed considerable improvement in performance after considerable 
training and some subjects exhibited one-trial reversal learning. Mink and 
ferrets persistently made more errors when position cues were relevant than when 
object cues were relevant; the reverse was true of skunks. 


Introduction 


Improvement in learning repeated reversals of the same discrimination has been 
observed in a number of mammals as well as in birds and invertebrates (Harlow 
1949; Dufort, Guttman and Kimble, 1954; Cronholm, Warren and Hara, 1960; 
Warren and Warren, 1962; Kirk and Bitterman, 1963). Performance of primates 
on repeated reversals of non-spatial discriminations does not differ consistently 
from that of non-primate mammals or birds (Schusterman, 1962; Warren, 1993? 
Rollin, 1963; Hughes, 1964; Bitterman, 1963; Bacon, Warren and Schein, 1962) 
All these groups made progressively fewer errors on repeated reversal trials and they 
ultimately learned to reverse their responses very rapidly. 

In the present study, repeated reversal learning of a single discriminati 
observed in certain Mustelidae (weasel) family subjects, namely mink, ferrets 2 
skunks. These species have not been systematically studied under laborato"? 
learning conditions. Performance on spatial and non-spatial visual discrimin?” 
tions was compared to determine whether weasel-family subjects respond differe 5 
tially to the two types of cues involved. Previous data for cats and monkey 
indicate that cats learn spatial discriminations more rapidly than object-quali 


discriminations, while the reverse is true for rhesus monkeys (Harlow; 1957" 
Warren, 1965). 


on was 


Method 


t 

The subjects consisted of eight animals of each species of mink, ferrets and skunks. ^ Qm 

half the subjects in each species group were males. All animals were Carnivora °% y 

Mustelidae family. Descented skunks were Mephitis species, or striped variety, common, 

called Illinois skunks, and weighed 12 to 14 lb. prior to this experiment. Ferrets V, ed 
acommercially developed species, Mustela furo, were brown or white in colour, and weiss 
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7 to 10 lb. Mink were also a commercially developed species; the Mustela vision, pearl 
variety, and ranged in weight from 6 to 8 lb. Animals ranged in age from 10 to 12 months. 

Subjects were experimentally naive and were raised from infancy in the College animal 
colony. 'They were maintained on canned cat and dog food supplemented with vitamins, 
brewer's yeast and fish flour. Animals were housed in 17 X 36 X i7in. wire cages. 
Whenever possible, subjects were handled or were permitted to move freely around the 
College laboratory. These procedures resulted in considerable taming of most animals 
except mink. The latter showed no tendency toward docility and were transported to the 
learning apparatus in a commercial self-trapping cage. Other animals were carried by the 
experimenter. 

The apparatus was a modified Wisconsin General Test Apparatus (Harlow, 1949) con- 
sisting of two unpainted wooden chambers completely enclosed within a 3 in. plywood 
container. One chamber, the start box, was 20 X Io X 20 in. overall with the rear wall 
serving as an entrance. A 20 X 10 X 20 in. test chamber was separated from the start box 
bya2o x zoin. wall. Centred in the wall 5 in. above the floor wasa 10 X 4in. sliding door 
which permitted the subject access to the test chamber. A 20 X 7 in. one-way mirror 
through which the experimenter viewed the subject was located on the outside test chamber 
wall opposite the sliding door. ‘The test chamber was illuminated by a 6 W. fluorescent light 
placed in the ceiling over the mirror. Below the mirror was a 20 X 20 in. door through 
which a sliding tray was passed by the experimenter. The tray served as a platform to 
support two 3 X 6 X 3 in. alleys, each equipped witha 3 X 3 in. door, painted in flat black, 
hinged at the top and opening inward to each alley. . , . 

The test objects consisted of a triangle, the apex of which was oriented vertically, and a 
Square. The objects were wooden, and were 2 sq. in. in area and i in. thick. Objects 
were painted white and were fastened to the alley doors to prevent subjects from removing 


them. 


Initial discrimination training 
One-half of subjects within each species gro 


to an object discrimination problem. For one sir ) i 
group, choice of the triangle was always rewarded; for remaining animals, choice of the 
" 


square was reinforced. The right-left position of the rewarded object was varied ina 
balanced, irregular sequence. One-half of subjects in the position ere uic ina 
were required to select the right alley door; remaining subjects had to select the left a a 
door to obtain the food reward which was a $ in. cube of meat located in the alley behind e 
Correct door. Spatial position of objects was varied from trial to trial ina balanced, irregular 
Sequence. ‘Thus, irrelevant object cues were present on the positional discrimination. 
Training was continued until the subject attained a criterion of 10 consecutive correct 


responses. 


up were randomly assigned to a positional or 
-half the subjects in the object discrimination 


Reversal trainin, ; i 
After the o m met this criterion, reversal trials were begun Sip m -— se i 
to select the previously incorrect object or door. Subsequently the two he ‘aod or E 
became alternately correct and DONE Btiterlonias MEM sac 
tion method was used throughout testing. 
Animals were trained on a series of 6o reversals. hel 
aweek. Subjects were returned to their home cages after the 


immediately fed daily rations. Animals were maintained at 
weight. 


incorrect as the a 


They performed 1 reversal a day, 7 days 
ast trial on each day and were 
80 per cent of normal body 


Results 


Initial discrimination learning 


Median errors to criterion in initia i onu 
object or positional discriminations are presented in Table I. 


1 discrimination learning for subjects trained on 
Mink and ferrets 
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TABLE I 


Median errors in initial discrimination learning by mink, ferrets and skunks 
Lon ee UM quede see eee 


Discrimination 
Subjects Object Position U 
Mink 75 21:2 ot 
Ferrets 10°3 25°4 1} 
Skunks 36:7 104 o 


——— M M 


+ P < 0°028, two-tailed test. 
t P < 0058, two-tailed test. 


made significantly fewer errors on the object discrimination while the reverse was 
true of skunks. 


Reversal learning 
Is are 
n the 


Median errors to criterion, plotted against successive blocks of ten reversa 
summarized for each species separately in Figure 1. Errors to criterion O 
first and last ten reversals for subjects of each species attempting each type 9 
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ae I. Errors to criterion on repeated reversals of an object and positional discrimination R 
, ferrets and skunks, — — —, Object discrimination; ——, positional discrimination. 
i "AS i " * n t5 
P uer id were analysed by Wilcoxon matched-pairs signed ranks 1o e 
(Siegel, 1956). Performance of all species on both object and positional discrim!” 


tion reversals differed significantly (P < 0-01) on the initial and final ten reversa ^ 
All Speores showed considerable improvement in performing repeated revers 2 
both spatial and non-spatial discriminations. Mink attempting the object ^" 
crimination reversal showed the most rapid improvement. 

Total errors to criterion on object and position reversals were analysed r 
separate Mann-Whitney U Tests for each species (Siegel, 1956). Significant in^ 9 
species differences were found in performance of all three species groups on the ^ 
types of reversals. Mink and ferrets made significantly (U = o, P < 0-028, pk 
tailed test) fewer errors on object discrimination than on positional discrimination 
reversals. Skunks learned to reverse the positional discrimination more rapid 


(U = 1, P < ovos, two-tailed test) than the object discrimination. 
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The percent of correct responses made by the three species groups on trial 1 to 10 
of reversals 1 through 1o and reversals 50 through 60 are presented in Figure 2. 


100 - 
- 


Reversals 50-60 


Reversals 1-10 


o a 
T? € e 8S 10 12 4 6 8 10 
Trials 
Mink Skunks Ferrets 
FicunE 2. Intrareversal learning by mink, ferrets and skunks. 


This figure indicates that initial performance on both types of reversals was poor 
among all species. However, some subjects, namely mink and ferrets, attempting 
the object discrimination reversal, and skunks trained on the positional discrimina- 
tion reversal task, exhibited one-trial learning after repeated reversal training. The 
initial intra-species differences on the two types of reversals persisted to a reduced 


degree throughout training. 


Discussion 


It is apparent that certain weasel-family mammals successfully perform repeated 
reversals of object and positional discriminations with a single pair of stimuli. The 
discrimination reversal learning curves exhibited by mustelidae species are similar 
to those noted in a number of other species including primates (Schusterman, 1964; 

t that quantitative rather than qualitative 


Warren, 1965). These findings suggest TN" d 
differences characterize mammalian discrimination-reversal learning. 


Substantial intra-group differences appeared between object and positional dis- 
crimination reversal performance. Mink and ferrets approached optimum per- 
formance on the object discrimination reversal more rapidly than did skunks. 
Conversely, skunks learned to perform repeated reversals of the positional reversal 
more pidi than did other subjects. Other researchers have found that cats have 
difficulty learning non-spatial discriminations (Warren, Bars Skunks, like a 
may be more responsive to position than to object cues. tertormance of ferrets an 
mink on the two types of discriminations suggests that these species, like Gea 
primates, respond more strongly to object than ascen cues emn 1; 
Warren, 1965, 1966). However, evidence summarized y Warren (1965) indicates 

nsiveness to object and positional cues are not 


that species differences in respo ! t 
closely related to differences 1n complex learning ability. 


This work was supported by NSF URP Grant GE 3943. 
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VISUAL COMPLEXITY AND STIMULUS 
PACING IN CHICKS 


J. DUTCH 
Victoria University of Wellington, New Zealand 


Two groups were tested for spontaneous alternation using massed and spaced 
trials but alternation rate was not above chance level. Two experiments then 
examined the use of visual stimuli as pacers for an approach response. The 
results indicate that subjects responded to complexity and that complexity may bea 


more effective pacer than novelty. 


Introduction 


Numerous studies have examined aspects of the relation between stimulus com- 
plexity and behaviour in the rat, under a variety of conditions. The common 
finding of such studies is that the rat will show a preference for the more complex 
of two stimuli, for example, Dember, Earl and Paradise (1957) and Baker and 


Franken (1967). 

This research suggests t 
elicit and pace an approach response in rats. 
aspect of the stimulus has a directive function. 

The purpose of the following experiments was to study the effectiveness of both 


complexity and novelty as pacers for a running response. 


hat some characteristics of visual stimuli can be used to 
Pace is used in the sense that some 


Method 


Subjects 


Subjects were experimental 
the beginning of the experiments was 10 to y 

Subjects were maintained in brooders with food and water ad lib on a 12 hr. light-dark 
cycle. The daylight cycle commenced at 8 a.m. and subjects were run in the apparatus 
commencing at 10 a.m. Thus no subjects came to the apparatus food deprived. 


y naive male and female white leghorn chicks. Their age at 
o to 14 days. 


Apparatus 
The apparatus consisted of a single straight runway 30 in. long, 6 in. wide, 8in. high with 
an 8 in. x 8 in. goal box at each end. Each goal box was equipped with a Perspex guillotine 
door. Two additional Perspex guillotine doors were used to divide off the middle 6 in. of 
the runway so that it served as a start box. The subject was placed into the start box through 
The walls and ceiling of the runway were lined with 


a trap door in the roof of the runway. 
acoustic tiles to make it light proof and sound dampened. A 4o W. light was suspended 


3 ft. above the centre of the runway so that both goal boxes were illuminated. "The floor 
of the runway and the goal boxes was lined with brown paper, which was changed after 
each group of subjects had run one block of trials. 
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Procedure 


Subjects were removed singly from the brooder and immediately placed in the staat "a 
the start box doors were raised and the subject could retrace until it entered a goal box. d 
goal box door was then lowered and the subject left in the goal box for 3 sec. On mae 
trials the subject was then returned immediately to the start box and the next trial MM 
After each day's trials, or block of trials, the subject was placed in a covered cardboard HE 
box lined with shredded paper and left there until all subjects in the group had been run. 
The order of running was randomized daily for each group. Subjects did not receive any 
primary reward in the goal box. 


Experiment I 


The purpose of this experiment was to establish whether there was any tendency 
for subjects to alternate when all cues (in the sense of Douglas, 1966) were present. 
Group I (n = 10) received four massed trials on one day; Group II (n= n 
received four trials with a 24-hr. intertrial interval. Subjects ran to grey goal boxe 
at each end. 


Results and discussion 


Group I (massed) alternated on 16 out of 30 trials; Group II (spaced) alternated 
on 18 out of 3o trials. Group I entered the right-hand goal box 21 times out 2 p. 
trials; Group II entered the right-hand goal box 23 times out of 40 trials. Neith 
of these differences is statistically significant. us 

It is obvious that under these conditions chicks do not exhibit spontan, E 
alternation nor do they show any significant response bias. This supports in 
study of Hayes and Warren (1963) who failed to obtain spontaneous alteration 
chicks using both free and forced choice methods. 


Experiment II 4 
Following Experiment I, a further experiment was designed to examine 2 
possibility of pacing the running response in chicks with visual stimuli of dier - 
complexity. The stimulus cards were 8 in. x 8 in. squares of gloss-white uf 
board across which 1 in. wide strips of black plastic tape were attached in the fol ndi 
ing designs: (a) a single central horizontal strip having equal halves of white gt JE al 
(b) two horizontal strips giving equal thirds of white ground; (c) two horiz? 0 
strips and one central vertical strip giving equal sixths of white ground; ) rds 
horizontal and two vertical strips giving equal ninths of white ground. The e 
were fitted to the end wall of the goal boxes as required. d 9$ 

Following Dember, Earl and Paradise (1957), stimulus complexity is define 

the number of elements constituting each stimulus. In our stimuli we have at 
increasing number of elements through designs (a) to (d), the assumption bein£ 


this corresponds to an increasing complexity of the visual stimulus. 
Method 


; w 
i n nés i li b 
Twelve subjects were given four 24 hr. spaced trials. "The position of the stim" ase? 
randomized for each subject, with the restriction that the more complex stimulus 4PP 
equally often in each goal box. 
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Stimuli were presented in order of increasing complexity so that, for example, on trial 1 
the comparison was between a plain white card and stimulus (a), and on trial 4 between 


stimuli (c) and (d). 
Results 
Considered overall the more complex stimulus was chosen on 68-75 per cent of 
the trials. 
TABLE I 


Per cent subjects choosing more complex stimulus with corresponding P values 


Trial % P 
I 66:6 0194. 
2 833 o'o19 
3 759 07073 
4 50°0 0:613 


A 


All P values are from Siegel (1956) for the Binomial test. 


Any interpretation of the results is confused by the fact that on the first trial a 
choice must be made between two stimuli which are equal in novelty but not equal 
in complexity. In trials 2, 3 and 4 complexity is confounded with novelty in that 
the more complex stimulus is also the novel stimulus. Because of this it is not 
possible to say whether subjects are responding to novelty or complexity. Experi- 
ment III was conducted to examine this problem. 


Experiment III 


Method 
Twenty-five subjects were given four 24 hr. spaced trials. Half the subjects always had 
the more complex of the two stimulus cards in the right goal box, for the other half this was 
Simul i d hat, for example, on trial 1 
i i d in order of decreasing complexity so that, for example, 1 r 

ae me Eum roue — a plain white card and stimulus (d), on trial 2 between stimuli 
(d) and (e) and on trial 4 between stimuli (b) and (a). On trial 1 thestimuli were equal in 
novelty, but not in complexity, and on trials 2 to 4 the novel stimulus was the less complex. 

> 


Results R fth 
Considered overall the more complex stimulus was chosen on 64 per cent of the 
trials. 
"TABLE II 
Per cent subjects choosing more complex stimulus with corresponding P values 
Trial % P 
x 76:0 . 90007 
p 68-0 0'054 
3 56:0 0'345 
4 56:0 0345 
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Conclusions 


On the basis of these results it is reasonable to conclude that an approach response 
by chicks can be elicited and paced with a complex stimulus. Although novelty 1s 
also an important factor it has less effect than complexity. Further experimenta- 
tion is required to examine the relative significance of these two factors. For 
example, the length of time of exposure to the stimuli might be varied systematically, 
since it could be argued that with an exposure of 3 sec., a complex stimulus may still 
retain some novelty on later presentations. 
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THE DEMONSTRATION OF DICHOPTIC 
FLICKER EFFECTS BY USE OF POLAROID 


M. KINSBOURNE} AND P. J. COUGHLIN 
Institute of Experimental Psychology, University of Oxford 


A simple way of setting up dichoptic flicker with variable phase relationship is 
described. Sine wave flashes result, and for these, as for square waves, Sherring- 


ton's hypothesis of independent testing for intermittence of inputs to each eye is 
Observations of the attributes of these two modes 


approximately borne out. 
frequencies suggest that no such independence holds 


of stimulation at sub-fusion 
for computation of luminous flux over time. 


The effect on flicker fusion of varying the phase relationship between flickering 
light sources presented at corresponding loci to each eye was explored by Sherring- 
ton(19o4). He found critical fusion frequency to be only very slightly less for the 
anti-phase than for the in-phase condition. Subsequent work has confirmed a 
decrement of about 8 to 11 per cent due to anti-phase timing (Baker and Bott, 1951; 

The percept thus fails 


Foley and Stager, 1965; Perrin, 1954; Thomas, 1955). 
re of the distribution over time of light incident upon 


fully to reflect a major featu 
the visual system. In the in-phase condition, in which the binocular input is 
synchronous, true intermittency of incident light exists. In the anti-phase 
condition the incidence of light is constant, varying only in its distribution between 
the retinae. It follows that decision as to intermittency of input is made prior to 

two channels, with only a minor 


confluence of information entering though these 1 1 1 
degree of cross-talk between them. Separate computations on either side are 


Perhaps compared and averaged, or possibly there is alternation between the two 
eyes, as proposed by Hochberg (1964) for binocular vision in general. 
The following simple device permits a classroom demonstration of these effects. 
iable intensity is 


A small DC light source of vari mounted behind a rotating disc of 
Polaroid. The disc is driven by a variable speed shunt wound DC motor, giving a 


Speed range of 120 to 3000 rev.[min. The subject wears a modified pair of 
B.O.C.1 goggles in which the glass is replaced by matching polaroid discs mounted 
between thin Perspex. The orientation of one disc to the other is continuously 
variable between the in-phase and anti-phase condition of the sinusoidal input 


stimuli, 
The stimulus frequency at 
range of 4 to roo c/s. To correct 


the motor speed, which gives 


either eye is twice gh 
phase angle due to the variation 


for any change in 


dical Center, Durham, North Carolina 27705, U.S.A. 


+ Present address: Duke University Me 
Oxygen Company Ltd. 


1 FGI goggles manufactured by British 
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in the facial contours of the subjects, the goggles rue 2 with 3/16ths steel rod. 
vision is made for adjusting to different interocular distance. 
ae tlie differ fos aoe previously used in that they take sine rod es 
square waveform. Critical c frequency is slightly lower for sine t 
uare wave stimuli (Ives, 1922). 1 
ae with ‘he el have confirmed Sherrington’s depender 
hypothesis for fusion threshold and a mean decrement of 12:66 per cent in we 
flicker fusion frequency for anti-phase as compared in to-phase stimulation ; E 
obtained for four subjects. The findings may thus be generalized to the sine wav 
condition. 

At a given sub-fusion repetition rate, in-phase and anti-phase flicker does es 
look identical. Anti-phase flicker looks brighter, and appears phenomenally d 
Attempts to adjust anti-phase flicker frequency to match these characteristics o A 
phase flicker, used as a standard, gives rise to much variability, alerting the pann i, 
to the fact that the two conditions appear qualitatively different. While at Po d 
low frequencies in-phase flicker appears punctuated by clear and discrete “‘b io 
flashes”, anti-phase flicker never actually gives the impression of clear interrupt! d 
of light input, but only of a variability which at low frequencies takes the form E 
striking gamma movement. It is clear that at all times both eyes contribute to t 
ultimate percept. T 

Kahneman and Norman (1964) have given reason to suppose that separa 
neural systems respond to onset of a stimulus and to its overall intensity- ia 
stimulus onset rate is computed prior to confluence of information from the t" 


: : A me 
eyes and intensity subsequent to such confluence, these observations bec? 
intelligible. 
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PLATE I. Sketch of modified goggles. 
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DISCRIMINATION OF “W” AND “V” 
SHAPES BY GOLDFISH 


ROSEMARY BOWMAN AND N. S. SUTHERLAND 
Laboratory of Experimental Psychology, University of Sussex 


Goldfish were trained to discriminate between “W” and “V” shapes; di 
groups were trained with the shapes in different orientati shapes; Manr 
re Lv , ) ations. ‘Transfer tests 

given after training and the following conclusions were drawn. Animals 
learned to discriminate between the training shapes by detecting the difference in 
the number of points present in each; they learned the difference in the relative 
number of points rather than the absolute number present in each shape; the sub- 
jects transferred well to pairs of shapes bearing points facing in different directions 
from those on the training shapes; knobs were treated as practically equivalent to 
points; animals relied more heavily on differences at the tops of the shapes than on 


differences in the bottom halves. 


Introduction 


The experiment reported here is one of a series investigating visual shape recogni- 
tion in the goldfish. There were two main reasons for choosing the training shapes 
used (depicted in row 1 of Fig. 1). (1) Octopuses find it almost impossible to dis- 


criminate between these shapes (Sutherland, 1959). The shapes differ only in their 
differentiating shapes whose main masses are 


details, and octopuses are very poor at 

roughly equally distributed but which have differences in local features. Other 

evidence suggests that goldfish are quick to discriminate between shapes of this sort 

(Bowman and Sutherland, 1969) and we tested this further by finding out whether 
he present training shapes. 


goldfish would be able readily to discriminate between t 
(2) In the above experiment, it was found that the presence of a knob on a shape 


could mediate transfer to new rotations of that shape for goldfish, under conditions 
where such transfer did not occur without the knob. In the present experiment, we 
tested whether a difference in the number of points present in the training shapes 
would mediate transfer when further shapes were presented with points facing in 
different directions from those in the training shapes. It is of some general 
importance to establish under what conditions transfer to rotated shapes will occur, 


Since very little is known about this. 


Method 


rocedures used can be found in Mackin- 


Subjects and apparatus 
Only a brief summary 


Full details and discussion of the apP: 
tosh and Sutherland (1963), and in Bow 
Will be given here. 


aratus and p: 
man and Sutherland (1969). 
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The subjects were 18 common goldfish (Carassius AN from 3 to 5 in. in length. 
7 c in individual tanks, at a temperature of 24°C. . 

M des = nat to swim through a hole in a black Perspex detention ap oce 
food from one of two troughs attached to the centres of the training shapes. ol waa 
and shapes were black and were presented on a white Perspex Wb iiie api i " es of 
two screens were 12 in. apart, and the troughs were 5 in. apart and 2:5 in. from h pec 
the tank. The troughs were separated from one another by a vertical Die n. 
projecting 6:5 cm. down the length of the tank. Each fish was trained in its own 


Pretraining 


d : e 

All fish were first pretrained to swim through the opening in the detention screen see 

a food pellet from a single trough presented on one or other side of the she viae ent 

Each fish was trained until it was regularly taking the food within 10 sec.; this Murs pies 
achieved in an average of 130 pretraining trials. Next, subjects were given 20 trials 


Y 2 : to the 
the detention screen and a circle (area 17°5 cm.?) behind the trough, to accustom them 
presence of a shape. 


Training 


jmul- 
Next, training proper was begun, with the positive and negative shapes dee ane d; 
taneously. Choice of the positive shape was reinforced with a piece of "Hykro fis bling 
the inside of the trough attached to the negative shape contained a blob of paint resem a 
the food bait. Tests performed at the end of training proved that the fish had par io 
discriminate in terms of differences between the two shapes and had not learned mere we 
discriminate between the food and the blob of paint. The side occupied by the poni , 
shape was determined by Gellermann orders. 'The criterion of response was the 


; 3 E à ver tO 
Snapping at one of the shapes: this response is unmistakable and easy for the obser 
categorize. 


At first, if a fish chose wrongly, 
Shape. After 20 trials, by whic 
situation, a modified correction p 
of side preferences. When the fish made a wron 


"M. itive 
it was allowed to correct by swimming round to the p i: 
h time the fish had lost their initial nervousness © 


H : elde 
ng sbape on three successive runs, the negative shape was abs ili 
g the fish to go to the positive shape. Throughout tra 

with an intertrial interval of 15 min. 


, 
ten trials a day were given, 


Control and transfer tests 


After training was completed, control ti 
were alternated with further training trial 
discriminate merely on the basis of any p 


‘ ^ od, 
ests, in which both shapes were baited wir 
s, in order to confirm that the fish had not lea ain 
erceptual difference between the food and the P 


rof 
Next we ran transfer tests alternated wi 


new shapes was shown, both baited with food. 
Experimental design 


a 
There were three experimental groups, each of six fish; each group was trained to b. 
criminate between a “W” and a “VY” Shape, but the orientation of the shapes was varied wy” 
one group to another. In what follows we shall refer to the training shapes as “W” and ions 
shapes but it is important to remember that the shapes were shown in different orientati of 
for different groups. For scale drawings of the shapes used with each group, see row The 
Figure 1. "The shapes were cut from 1 in. black Perspex, and were 1474 cm®, in area. ined 
trough was placed in the centre of each shape. Within each group half the fish were tra = 
with the “W” shape positive, half with the “V” shape positive. The fish were give? 
training trials, including five control tests introduced on the last day of training. 
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All subj we iv wi i wW Twelv T 
; € ere given transfer tests with pairs of new shapes. welve trials a day were 
given—six transfer tests and six retraining trials he sh i 
cop dede : d . 'Theshapes used in the transfer tests are 
also shown in Figure 1. he tests were presented in thr i v 
hi he F : : e ee series, the first of twelve, the 
second of six, and the third of two transfer pairs. Within each seri were en n 
d of pad: th ird v s - each series, the tests were gi i 
random order; except in the third series, no pair was shown more than once Within a dis 
y. 


Ten trials were run with each transfer pair. 


Results 


Initial learning 

All goldfish met a criterion of at least 18 out of 20 correct responses over a two-da 
a by the end of training. There were no significant differences among ead 
rid be the three groups, though Group III scored persistently lower than the 
pit © groups, nor was there any difference between the scores of animals 
rained with “W” positive and those of animals trained with “V” positive. The 
average numbers of days taken to reach criterion by Groups I, II and III wire I 
11 and 14, respectively. On the twentieth day, the fish averaged 95 per cent E 
on the control tests, compared with 93 per cent correct on the intervening retraining 
trials, The fish therefore, had learned to solve the problem by discriminating 
differences between the two shapes and had not merely learned to discriminate 


between food-pellet vs. paint-blob. 


Transfer tests 


The detailed results of the transfe 


retraining trials, the fish maintained a hig 
correct, see row 1). The numbers in the figure show the percentage of transfer 


trials on which the appropriate member of the transfer pair was treated as equivalent 
to the originally-positive training shape. ‘The scores are an average of the percent 
of trials on which the fish trained with “W” positive chose the left-hand member of 
the transfer pair (as drawn in Fig. 1) and on which the “‘V’’-positive fish chose the 
righthand transfer shape. In the second and third transfer series, the Group I 
scores are based on only five animals, because of the death of one of the “W” 


Positive fish. 

The following statistic 
Probability of all six fish scoring 
(0-032 where there were only five 
indicate these probabilities. Two $ 
chance, one star indicates that five subj 


r tests are shown in Figure 1; throughout the 
h level of performance (95 per cent 


n the transfer test data. (1) The 
ce in a given transfer test is o'o 

in Figure r, stars are used to 
all six subjects scored above 


ects were above chance and the sixth scored 


at chance level, or in the case of Group I during Series II and III that all fish were 
above chance. (2) The significance of the difference between the scores made by 
the same group (or combination of groups) on two different transfer tests was 
evaluated by the Sign test. (3) The significance of the difference between the 
Scores of two different groups on the same transfer test Was evaluated by the Mann- 
Whitney U-test. As will be shown in what follows, the results of transfer tests are 
internally consistent and are therefore valid. Where the same transformation of 
the training shapes was presented in transfer tests, results for the different groups 


s were calculated o 
above chan 
fish in the group): 
tars indicate that 
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agree. Where similar transformations of the training shapes were presented on 

separate tests to the same group, the results also agree. "m 
A cursory glance at the transfer results suggests that animals had learnt ie 

original discrimination by detecting a difference in the number of points presen 


| GROUP I | GROUP IT GROUP TII 


TRAINING SHAPES 


[ma [ww 2» 
Tronsfer Series I 
r 
nc rotation of 'W' | W A 65 => 9? 
2 |180° rotation of 'v' | A t e |x« 78 
Sorel FT 
3 ir of both wy g2" £« 7 
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5 [r Tep or let of Somos| fl sie e" jag e”) 
[s feme nuroa t as] m m s EE 7 
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9 [Ease or Tight OF eger PI = s [ER 7” 
à zu € |QQ s] 
Io =p ih 7% |+ 6 
n a ote = | 
poke Ix e €? |A 50 


Transfer Series IL 


LL 

3 bid tom GG | aay bd 75 
L mm m 76 
5 a 
bhá mw 84 
le 11 e 
7 ER 74 

ae 

i8 EJ s4 


Transfer Series III 


19 Training vs. inverted'W' MW 54 W fA 72" | zt 53 
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Ficurer. ‘Training and transfer shapes. 
the left-hand member of the pair of shapes sh 
the training *W," and the right-hand shape 


— 


= 


Lr ; pich 
The numbers indicate the percentage of trials on hx to 
own opposite each number was treated as equivale 

as equivalent to the training “V.” 
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the two shapes. In describing the results of transfer tests we shall assume that this 
was true; however, since shapes differing in number of points differ in other aspects 
as well (e.g. total amount of contour present), more detailed arguments for suppos- 
ing animals had detected a difference in the number of points present will given be 
later. The following main conclusions can be drawn from the transfer test 
results. 

(i) Top vs. bottom halves of shapes. The animals’ performance was determined by 
differences inthe top halves of the shapes much more readily than by differences in 
their bottom halves. When shapes were presented having the same number of 
projections in their top halves as the originals, transfer for Groups Iand II was very 
much better than when shapes having the same number of projections in their 
bottom halves were presented (P < ooo! for the significance of difference— 
compare test 5 with 6, and test 7 with 8). Group III, trained on shapes with points 
at the side, also did better in transfer when the shapes differed in number of points 
at the top than when they differed in number of points at the bottom (tests 16 and 


17). 
However, unlike Groups I and II, Group III did show some transfer (P — 0:062) to 


shapes with differing numbers of points at the bottom, possibly because, in order to 
discriminate the training shapes, Group III was forced to pay attention to the sides 
of the shapes, whereas Groups I and II could concentrate solely on the top halves of 
the shapes. It is worth noting that early in training, Groups I and II tended to 
snap at the tops of the shapes, whereas Group III tended to snap at the sides. 


(ii) Position of points. Given that transfer to shapes differing in may of points 
at the top was in general better than to shapes with different num = z points s 
the bottom, it is necessary to ask whether transfer occurs to pairs A shapes = 4 
points facing in different directions from the points on the SES 1 epa h uc 
transfer clearly did occur, since Groups I and II performe bv A ^ apes 
differing in number of points at the sides, while Group III, as we have a i y seen, 
transferred when the differences occurred at the top or bottom (tests 4, 16, 17). 


(iii) Number of points. The direction of transfer was malo by ns 
relative difference in the numbers of points than by the absolute num = elie in 
each shape. Groups I and II showed good transfer os ps of a i wl 
different numbers of points at the top (tests 5, 13, 14 Y 5); e shape p t ia iai 
number of points was always treated as equivalent to t 4 e iom eel 
the lesser, to the "V." Transfer was excellent when the al par enu a cw 
were the same as at the tops of the two training shapes (test 5);it yd ex g ah 
the difference in the number of training points Was wei eee fes ee 
was significantly worse (P < o-o1 for Groups I and II vice a = ne 
number of points on each shape was changed but the a i xam een 
was the same as in the training shapes (tests 13, 14 campare l = h es ade = 
In tests 13 and 14 we were pitting a difference in the ne RE is 
against any transfer due to one shape having the same abso m nu € d = 
the original training shape: in test 13, the transfer shape wit fewer P : pd npa 

same absolute number of points as the training shape having more points P, 


whereas in test 14 the transfer shape with more points had the same absolute number 
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= : 1 hus, 
of points as were present at the top of the training shape Wes Led canoer d 
in these two tests, it was the relative difference in number o qm S c uil 
transfer, but the fact that transfer was significantly reduces sugges ae 
might also have learned something about the absolute num cite po pice 
the tops of the training shapes. When shapes were shown wit ye ims i 
in positions corresponding to a 90? rotation of both shapes (tests 16, s ran er d f 
again good, and was again determined by the relative difference i 

ints, ith 
Po These conclusions are supported by the results of transfer tests I E ae d 
Groups I and II. Thus in Group I, when one or other training erpe n points 
through 180°, transfer remained good provided that the “W” shape on mee ae 
at the top than the “V” shape (tests 1 and 3): there was less transfer d "eph 
difference was not significant) when each member of the transfer pair ha ited 
number of points at the top (test 2). Again, for Group II, transfer was a petted 
both shapes had two points at the top (test 1); transfer was M. gee d He 
(P < 002) when one shape had two points, the other one (test 3). cs Aints 
results of test 2 with Group II are anomalous in that, when the W had t LEA 1 
at the top and the “y” only one, poor transfer occurred: we are inclined to a 
this single anomalous result to chance. : -— 

The results of tests 19 and 2o also support the above conclusions. Int oes the 
one or other of the original shapes was presented with its own inversion. ) an 
original “W” had more points at the top than its inversion (Group IL Mrd. de i 
when the original “V” had less points at the top than the inverted “V” (Gr than 
test 20) reasonably good transfer occurred. Performance was no better t? 


n 
m 3 ‘+e inversio 
chance when the original “W” had fewer points at the top than its inv 


20): 
(Group I, test 19) and when the original "V" had more (Group II, test 
However, when inversion of a 


int 
pp ; n 
shape changed the direction of difference i ative 
number of points at the top in this way, we would have expected to find neg 


a 
É h fe euh te 

transfer, i.e. the inverted version of the training Shape should have been trea 
equivalent to the original “W” or «y » 


that animals had learned 
shapes other than the rela 

The results do not all 
determined b 
the absolute 
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1€ each pair one member has two points facing right, the other two points facing 
eit. 


(iv) Knobs and points. Where rectangles with different numbers of knobs were 


used, transfer was practically as good as to the corresponding rectangles with points 
(compare test 7 with 5 and test 8 with 6). This rules out the possibility that 
animals had learned to discriminate between the original shapes in terms of 
differences in the amount of oblique contour present in a particular area. It does 
not eliminate the possibility that animals were discriminating the difference in total 
amount of contour or the difference in the ratio P|4/ A, where P is periphery, A is 
area. This possibility is counterindicated by the results of test 9: although the 
outline parallelogram contains very much more contour in its top half than the 
filled-in parallelogram, there was little tendency to transfer from the original “W” 
to the outline parallelogram. Tests 10 and 11 show that there was some tendency 
to transfer to a pair of shapes, one of which had a thin segment orientated in the 
same direction as the points of the original shapes, the other of which had either a 


thick segment or no segment. 


Discussion 


One reason for performing the present experiment was to discover how easy it 
would be for goldfish to master the initial discrimination. Criterion was reached in 
about 130 trials: the discrimination is therefore more difficult for goldfish than that 
between a horizontal and vertical rectangle (45 trials —Mackintosh and Sutherland, 
1963), and than a circle and square discrimination (85 triale—Bowman and 
Sutherland, 1969); the present discrimination problem takes almost exactly the same 
number of trials to master as the discrimination between two opposite oblique 
rectangles (135 trials —Mackintosh and Sutherland, 1963). ‘The problem is much 
more readily solved by goldfish than by octopuses, since octopuses fail to dis- 
criminate “W” from “V” after 240 qe trials, although they learn the horizontal/ 
Vertical discrimination in about 50 tria 5- 

[b ‘Bema and Sutherland, 1969) we have shown that goldfish may 
learn to discriminate between two SBapes tn Ier of the presence vs. the absence of 
à knob, and we have shown that such a feature may mediate transfer to rotations of 
the same shape: fish trained to discriminate between a circle and a square showed no 
transfer to a 45° rotated squares whereas fish trained to discriminate between a circle 
and a square-with-a-knob showed excellent transfer when ee square-with-knob was 
rotated through 45°. The present results confirm and extend that finding: they 
Show that, where shapes differ in the number of points alee transfer will occur to 
other shapes having different numbers of points when the points are facing in new 


directions ; i i 

e c js that transfer is determined by the relative number 
author important fading E edi dn by het aie mmi 
of points, ‘Transposition has frequently been eur [a de dimensions such 
38 size and brightness, but as far as we are awared t 2 "i A s Im UI been 
Clearly shown with differences inshape. The neus d y: dug: ^oi orea 
highly abstract rule describing an input shape; 1n thelease aPGEUp I fon nstinde, 
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the “W” shape must have been specified as (amongst other things) “the shape with 
the more points at the top” rather than as “the shape with two points at the top. 

The tendency for animals to rely on differences in the top halves of shapes pa 
heavily than on differences in the bottom halves again confirms earlier results of e» 
own (see Bowman and Sutherland, 1969, for discussion) and also some resu 
obtained by Hemmings (1965) on tropical fish. 


"This work forms part of a project on Stimulus Analysing Mechanisms supported by in] 
American Office of Naval Research (Contract N 62558-4791). Miss Bowman is suppor 
by a Science Research Council studentship. 
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DISCRIMINATION OF CHECKERBOARD 
PATTERNS BY RATS 


N. S. SUTHERLAND AND CLARE WILLIAMS 
Laboratory of Experimental Psychology, University of Sussex 


Fifteen rats were trained to discriminate between a regular checkerboard pattern 
and a similar pattern containing a "mistake." The animals subsequently trans- 
ferred to many other pairs of regular and irregular patterns differing widely from 


the originals. ‘The results suggest that rats can induce and store highly abstract 


rules describing input patterns. 


Introduction 


Sutherland (1968) has recently argued that visual pattern recognition in vertebrates 
involves two separate processes. (x) The input picture is first decomposed into 
local features such as edges and corners: the physiological mechanism for detecting 
such features is known to be present in the vertebrate visual system (Hubel and 
Wiesel, 1965). The brain preserves the spatial relationships of these local features 
since there is a topological mapping of the retina onto different levels of feature 
detectors. (2) The brain stores a description of the feature detectors activated and 
their spatial relationships. ‘The stored description must be sufficiently abstract 
to account for the known facts of shape equivalence. That is to say the description 
must be free from retinal position, and absolute size: the same description must 
encompass the original input shape, some of its perspective transformations and the 
mirror-image transform. The rule placed in storage must in fact describe not 
merely the input shape but a whole class of shapes of which the input shape is a 


member. . mE 

The description forming mechanism almost certainly has built-in biases. In 
Particular, it is likely to take advantage of some types of redundancy in the picture so 
that a shorter rule will be stored than could be stored by listing independently all the 
feature detectors fired by a given picture and their spatial relationships to one 
another. Man can clearly form very abstract rules describing pictures: for 
example, most adults would tend to classify patterns 1-15 1n Figure 1 as similar to 
one another, and Pattern Reg. as different. The stored description of ; BEST 
Checkerboard pattern must be highly abstract—we can recognize a chec x 
pattern as a checkerboard regardless of the number of elements, the eros ^s e 
elements, or whether the pattern starts in the top left-hand corner with ^ a i; H 
White square. Some psychologists (e.g. Glanzer, 1964) have suppose a ^i 
human ability to form abstract descriptions of pictures depends upon our cn 
Of a natural language. There are two main advantages in storing an abs 
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description of a pattern rather than in storing all the details. : First, if = eo 
description is correctly chosen, it will enable us to recognize an pe eae 
changes in the proximal stimulus. Second, a considerable economy o pem 
space could be achieved by storing an abstract rule to describe an input p ew 
rather than by listing all the feature detectors fired by that picture. SR n 
advantages apply as much to other higher animals as to humans, it is gae 
they also form highly abstract descriptions of patterns and that this ability in 

is not dependent on language. . e 

! The oat een x undertaken in order to test this possibility. be 
trained rats to discriminate between a regular checkerboard pattern and a simi " 
pattern containing one irregularity, and then tested them with further lace 
discover to what extent they had learned a general rule describing regular chec e 
board patterns. The experiment must be regarded as a pilot study for two ul 
First, as a result of experimental error a mistake was made in choosing the ive 
patterns to be discriminated. Second, it was difficult to know what transfer mn 
to use in advance of gaining some knowledge of rats’ performance in this typ dii 
discrimination so that after training various arbitrary decisions were taken by ily 
experimenters as to how to proceed next. Though the results are not necessar 


l : be 
completely conclusive, they are thought to be sufficiently new and suggestive to 
worth reporting at this stage. 


Method 
Subjects and apparatus 


The subjects were 1 
throughout the experi 
after they had been ru 
by the inclusion of lan 
of the apparatus and 


+ ined 
5 male hooded rats about roo days old. They were mainta g 
ment on a 24 hr. feeding schedule, receiving 1*5 hr. ad libitum $ 
n each day. They were trained on a Lashley jumping stand mo‘ tion 
ding platforms in front of each stimulus window (for fuller desePP ull 
general procedures see Sutherland and Holgate, 1966). The "i o 
gures 1 and 2; they were matt prints measuring 14 X 14 cm. paste 
mping stand and covering the whole area of the doors. 


n 3 witb 
p to open doors. On training trials, they were rewarded e 


f wee) prain 
s were only rewarded for correct choices. The initial tf" ve 


sitive 
We had intended to use the 
have identical elements exc 


Our mistake demonstrates the difficulty hu: 


animals’ scores from chance expe 
tests, we applied a sign test unl 


pe 


— — 
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Results 


Stage I—Training 

All animals were trained with shapes Reg. and Irreg. to a criterion of 18 out of 
20 jumps correct over two days of training. Group Reg. met this criterion in an 
average of 137 trials, and Group Irreg. in 113 trials. The difference is not 
Significant. In this apparatus it takes animals about 7o trials to learn to discrim- 
inate between a horizontal and vertical rectangle measuring 10 X 2:5 cm. Since 
this is known to be a very easy discrimination, the present shapes were moderately 


easy to discriminate. 


Stage II—Initial transfer tests 

All animals were given two transfer tests with each of shapes 1—15 (see Fig. 1), 
paired with the original Reg. pattern: each of these patterns contains a different 
“mistake,” i.e. a different departure from a regular checkerboard. Ten transfer 
and ten retraining trials were given per day; the transfer patterns were presented in 
a random order. Group Irreg. performed at chance (50-3 per cent choices of shape 
Reg.) during transfer tests; Group Reg. chose shape Reg. on 72 per cent of tests— 
their performance was significantly above chance (P < o-or by a t-test). During 
the retraining trials with the original shapes Group Irreg. Were correct on 86 per 
cent of trials, Group Reg. on 94 per cent. Five of the seven animals in Group Reg. 
Scored 23 out of 30 correct or better on transfer tests: such a score differs from 
Chance with a probability of less than oor bya one-tailed binomial test. These 
animals scored 97 per cent on patterns 1, 4 and 5 (containing an upright or inverted 
"pus shape), 78 per cent on patterns 2, 3; 6 and 7 (containing a “T” on its side), and 
77 per cent on the remaining figures. If we break up the transfer patterns accord- 
ing to the lowest line in which a displaced element occurred, then animals averaged 
97 per cent when there was a “mistake” in the bottom line, and between 78 to 80 
Per cent for the three other cases (“mistake” on second line from bottom, third and 
fourth), Although the differences are not quite significant, there is therefore a 
tendency for transfer to be better when an upright or inverted “T” figure ru 
in the irregular pattern, and when the mistake occurs towards the bottom of the 
Pattern. Most of the remaining animals developed strong position e qd 
transfer tests, and Group Irreg. performed poorly even on retraining trials. It was 


therefore decided to retrain all subjects. 


Stage ITI —Retraining 
i i ing Pattern Reg. paired with Pattern Irreg. and the 
ee eee eda |j Ae Reg. remained as the positive 


th p i it (Patterns 1, 2 and 3). d 
ie be Rep Heg aul the four irregular patterns were positive for Nri 
Irreg. Twelve trials were given per day (three with each of the four i a 
patterns used) for 28 days. Over the first 24 miala oE retraining, par ig 
i er cent correct; 

Group Reg. averaged 68 per cent correct and of Group Irreg. 54 p : 
i i ding figures were 83 and 68 per cent (P < o'or 
a dE qi cae à bey due to chance) Over the whole 


for probability of this improvement 
retraining ae animals performed as follows: Shape Irreg.—89 per cent, Pattern 
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IGURE r, Training patterns and initial transfer patterns. 


1—73 per cent, Pattern 2—63 per cent, Pattern 3—56 per cent. Performance pe 
significantly better on Pattern Irreg. than on any other (P 2 o-oo1); it was als? 
significantly better When an upright “T” appeared in the top part of the figure th * 
when a “T” on its side appeared (Patterns 2 and 3, P < o-oo1). These re i 
confirm those from Stage IT. Animals performed. better when the "mist? i 
occurred towards the bottom of the irregular pattern and when the irregular patt? 
contained an upright or inverted “T” rather than a “T” on its side. à 
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Stage IV 

At this stage animals were given further transfer tests on patterns 4 to 15 paired 
with Pattern Reg.: three trials were given to each animal on each pattern inter- 
spersed with retraining trials on Patterns Reg. and Irreg. All animals scored above 
chance during the transfer tests. Group Reg. again performed better on transfer 
tests than Group Irreg. (84 per cent correct vs. 74 per cent). Once again per- 
formance was better when upright and inverted “T” shapes appeared in the 
irregular patterns (Pattern 4 and 5, performance 89 per cent) than when a “T” on 
its side appeared (Patterns 6 and 7, 64 per cent, P < 0-002 for the significance of 
the difference). Performance on the shapes containing ““L”’s (shapes 8-15, 80 per 
cent) was also significantly worse (P <.05) than on shapes 4 and 5. Animals 
scored 83 per cent correct on patterns where the lowest mistake occurred on the first 
or second row from the bottom, and 69 per cent correct where the mistake occurred 
on rows three and four from the bottom—the difference was significant at better 


than the o-oor level. 


Stage V 


In all the transfer pairs described so 
within them a larger continuous are 
patterns. To discover whether anim 
two shapes in terms of the presence vs. 
the same shade, further transfer tests W 


far, the irregular patterns contain somewhere 
a of black (and white) than do the regular 
als were merely discriminating between the 
the absence of such large continuous area of 
ere run with irregular Patterns 16 to 19 in 
Figure 1 each paired with Pattern Reg. These irregular patterns were made up by 
squashing one row and one column of elements. Since the total size of Patterns 16 
and 17 is the same as that of the originals, the size of the square elements is larger: 
for this reason we included Patterns 18 and 19 which have squares of the same size 


as those in the training patterns. Twelve tests were run with each pattern. 
During transfer tests animals averaged 72 per cent correct (all animals but one 
'There were no significant differences in amount 


were above chance, P < 0:002). i 
the scores on each ranging from 69 per cent 


of transfer to any of the four patterns, ¢ 
to 74 per cent. Group Reg. again performed better than Group Irreg. both during 


retraining trials (95 per cent vs. 89 per cent) and during transfer tests (81 per cent vs. 


64 per cent). 


Stage VI 


In all the tests reporte 
one member of the pair. 
representation of this patte 


d so far, the original regular pattern has always appeared as 


It could be argued that rats had simply stored an exact 
rn and that transfer was being determined entirely by the 
presence of the original regular figure. To discover whether this was the case a 
series of further transfer tests was carried out in which both the regular and the 
irregular patterns differed from the original training patterns. — — ^ 
All animals were given 24 transfer tests with pairs 20 and 21 in Figure 2. ne 
pair is made up of patterns containing 36 elements, the other of Y PB ; 
only 16 elements were present in the original training patterns. A further change 
was also made to the regular pattern: instead of starting with a white square in the 
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top left hand corner, the regular patterns used started with a black square in be 
corner. Animals scored 72 per cent (P < 0-003 for difference from chanc 


performance) on the 36-element patterns, and 58 per cent correct (P < 0:006) 0n 
the 64-element patterns. 


Stage VII 


Since some rats were developing position habits in transfer tests and hence wi 
forming poorly, we decided to retain only the eight animals showing consisten y 
good performance. Three of these eight were from Group Irreg. and five from 
Group Reg. Twenty-four transfer tests were given to each animal on each of Es 
new transfer pairs (numbers 22-28 in Fig. 2). On the interspersed retraining tt! : 
Group Reg. scored 98 per cent correct, Group Irreg. 96 per cent correct. Ther 
were no significant differences between the performance of the two groups on any ? 
the transfer shapes used. 

The transfer scores are shown in Figure 2. All animals scored above chance E 
all tests except tests 23 and 28. Animals did not score significantly above chant 
on these two tests but on the remaining five tests scores were very significant y 
above chance (P — 0005 on each). 

Since all the regular patterns used differed widely from the original Pattern RES 
it is clear that transfer was not being effected by the animals having stored an wt 
representation of the original regular pattern. "Transfer occurred when HET it 
and irregular arrays of triangles and diamonds were presented (Pairs 23-28) an k 
occurred both when the irregularity introduced a larger continuous area of E 
and white when it introduced smaller elements. Transfer again tends to be pem 
when the irregularity occurs at the bottom of the shape (compare performan 

and performance on Patterns 20 and 22). Nevertheles : 


on Patterns 23 and 24, he 
good transfer can occur when the irregularity is not located at the bottom of t 


Pattern (25, 26 and 27). 


Discussion 


The experiment reported was undertaken in order to discover whether rats a 
learn an abstract rule describing a regular pattern. The transfer test results $ 
thavratsido form such rules and suggest that our own ability to discriminate betw?* 
regular and irregular patterns is not dependent on language. The experiment “8 
a way a pilot ex 


. . t i y 
A ; periment in which we moved from one stage to the next, guide y 

e results of the previous stage. Some of the results are not as clean cut 29 4g 
would have liked, but it is felt that 


5 3 3 : an 
the experiment is worth reporting as 1t ae 
d of enquiry in pattern recognition by 2" 
he overall results of the transfer tests. 


both because it opens up a new fiel. 
and because of the significance of t 


Faults in design 


. . CN. B m 
_ Our mistake in training animals on the mirror image of the regular pr ol 
intended, makes the experiment untidy, but, fortunately we were able to C? 
against the possibility that rats had detected the lack of correspondence betwee” 


regular elements in the two training shapes: the transfer results clearly show that 


the 
at? 
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25 
70 per cent 


26 


LI 
2l 
70 per cent 


50 per cent 


63 per cent 


54 per cent 54 per cent 


80 per cent 


below each pair are the percentage 


Ficure 2. Further pairs of transfer patterns. The numbers 


of correct responses made to that pair. 


tion in terms of the mirror image difference in the 


had not learned the discrimina 


upper parts of shapes Reg. and Irreg. : 
The experiment leaves the following points unresolved. 


etter when irregular shapes contained 
istake occurred in the upper half either 
Irreg. occurred in the lower half or 


have performed b 


If than when the m 
pattern 


(1) The subjects may 
a mistake in the lower ha 
because the mistake in the training 
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i i rer halves of 
because of rats’ well known tendency to detect differences in the lower h 
Shapes more readily than in the upper halves. 


; eared 
(2) The subjects performed better when a three element horizontal dass uet 
in the transfer shape than when a three-element vertical bar occurred: earl 
know whether or not this was because a three element horizontal bar appe 
original Irreg. training pattern. 


UNES er at 
(3) We cannot say for certain why Group Reg. showed ipu ipai p 
Stage II while Group Irreg. did not. Since Group Irreg. were = ctual locus 
towards Pattern Irreg. they may have stored more information about the a hanged, 
of the irregularity and hence transferred less well when the Mendes £ pattern 
Jenkins and Sainsbury (1968) showed that pigeons trained to pec j- dee their 
containing a feature and not to peck at a pattern lacking the feature, dir of Group 
pecks to the positive pattern at the feature. In the same way the rats 
Irreg. may have orientated themselves to the irregularity. 


rats 

(4) Finally, we are not in a position to state exactly what rule was reed cha 
to describe the regular pattern. The transfer tests eliminate the possi y black o 
the animals had learned to treat any pattern with a large continuous area o of two 
white as Pattern Irreg. They might, however, have learned that denea 
different sizes appeared on Pattern Irreg. and of only one size on Pattern Reg. whic 
this is counterindicated by the good transfer that occurred with Pattern 26in 
the regular member of the pair contained elements of two different sizes. 

Despite these unresoly 
equivocally the capacity of 
not merely store a list of t 


n 
, rate U 
ed problems, our experiment does onan 
rats to store an abstract description of a pattern: 

he feature detectors fired by an input picture. 


í is 
; oject 
This work forms Part of a project on Stimulus Analysing Mechanisms: the pro 
supported by the American Office of Naval Research (Contract N62558-4791). 
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MEMORY WHILE SHADOWING 


DONALD A. NORMAN 
University of California, San Diego 


Subjects were asked to repeat verbally (shadow) English words which were 
presented to one ear. They were then tested for their memory of two-digit 
numbers which were presented to their other ear. It is demonstrated that 
subjects have no memory for these digits if they must continue to shadow for 
20 sec. before being tested on their memory for the digits. However, if tested 
immediately after the digit presentation, they do remember some digits. Hence 
verbal material presented on non-attended channels gets into a short-term MEIT, 


but is not transferred into long-term memory. 


Introduction 


Current theories of attention agree that there is a limitation on our ability to 
: they disagree about the location of the 


Perform several tasks simultaneously: 

limitation. To simplify the argument somewhat, consider that selective attention 
operates by disconnecting or attenuating all channels of information arriving at the 
human except the one of primary interest. ‘The question that arises concerns the 
level at which this selection takes place: does it occur before or after all channels 
have been analyzed for their content? 


The question arises because signals on non-attended channels can sometimes 


attract attention if their meaning is important or relevant. Proponents of early 
64a, b; Treisman and Geffen, 1967) 


Selection (Broadbent, 1958; Treisman, 1960, 1904 
argue that selection among channels is based entirely on the physical properties of 


the sensory information and meaning is extracted only from those signals which are 
selected for further processing. Important signals can usually be detected regard- 
less of the channel on which they occurred because the detection threshold for 
these signals is sufficiently low to compensate for the attenuation they receive when 
on non-selected channels. Proponents of late selection (Deutsch and Deutsch, 
1963; Norman, 1968) argue that all incoming signals undergo a preliminary analysis 
of their contents: selection then takes place with the aid of both meaningful and 
Physical properties. The critical distinction between these two classes of theories 
resides in the way that mea tracted from sensory signals. This distinction 


ning is ex’ 2 5 

leads to a testable prediction- The meaning of a physical signal cannot be deter- 
mined without reference to memory» for the meaning which we attach to the some- 
What arbitrary visual and sou? 


d patterns of speech and writing must be stored in 
Permanent memory. If meaning is extrac 


ted from all signals, then everything 
Presented to us must get analysed through permanent memory and must also reside 
briefly in short-term memory. This theory must predict, therefore, that we can 
remember something about all events, even ifwe 


fail to pay attention to them. The 
Present experimental literature argues against His possis. 
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In general, we remember little of non-attended tasks. This result acre 
have been stated first by Cherry (1953) and studied in greatest detail T woe 
(1959). In particular, Moray asked subjects to listen to two channels : M 
information presented dichotically while verbally repeating (shadowing) t he ma "e 
heard on one channel. A list of common English words was repeated 35 ird a 
the non-shadowed channel. Within 30 sec. of the end of the shadowing task (w - 
continued for a while after the last presentation of the word list), the subjects es 
given a recognition memory test for words on the non-attended channel: the -— 
recognition rate was about the same as (and slightly higher than) the ee d 
recognition rate, implying absolutely no memory for the words. A useful uc 
his experimental procedure comes from the consideration that when the su i 
own name was presented on the non-attended channel, it was often recognize J 

Several other investigators have examined memory for events on the wi je 
shadowed channel, but in the few cases where memory was found, it was Sai X 
to explain this by appealing to a possible or actual disruption of the shadowing va 
(Mowbray, 1962, 1964). (However, one hint that a brief memory may exist co 
from the experiments of Peterson and Kroener, 1964.) ea 

These results, though impressive, do not settle the issue. Under the theories is 
early selection, failure to remember material on the non-shadowed channel ae 
from the selection occurring during the perceptual analysis of incoming infonma d 
To understand the predictions of the theories of late selection, we must first en 
what processes are involved in the storage of information and, in particular, 
interaction between short- and long-term memory the 

It is a common assumption that conscious attention is necessary to ae j 
transfer of material from short- to long-term memory (Waugh and Norman, 19 
If this is so, then we would expect that material on non-attended channels might Pi 
into short-term memory but, as long as the subject was occupied with the mate? 
on the attended channel, nothing would get into long-term. The data analyse the 
Waugh and Norman suggest that as few as six to ten items occurring Been i 
presentation of an item and its test reduce the chance that it will later be recalle to 
zero. Accordingly to this view it would only take a few seconds of shadowing 
erase short-term memory completely, 3 

The purpose of this paper is to demonstrate that material presented to the nO i 
shadowed channel is, indeed, stored in short-term memory, but that it never gets w 
long-term memory. Itis not sufficient simply to demonstrate that it is possible 
have a memory for items presented on the non-shadowed channel, for that m8 nm 
simply prove that the experiment was poorly done. It is also necessary to pee 
that there is no memory when conditions are made similar to those used by prev!© gi 
experimenters. Because the results and interpretation of these types of expe 


P : be 
ments are critically dependent on the experimental procedure, these details will 
described in more detail than is usual. 


Procedure 


Subjects were asked to shadow material 
possible. Simultaneously, 
a signal, the subjects stopp 


s 
T 1 es 2 

presented to one ear, making as few mistak t 

a list of two-digit numbers was presented to their other eat 


el, 
ed shadowing and immediately listened to the memory ch: 


—Ó—M 
—A————— nang +7 
Bi Č —— a 
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where ; 
had abs and gne was presented. The subjects were to decide whether that test numb 
peared in the preceding list of numbers. The details of the shadowing task ud 


chosen eren f 
to make it difficult to perform and the subject’s performance was scored. The details 


of this task and i wi ose 
ask and of the scoring procedure were similar to th 
a i 1 se used by Mowbray (1964 he 
memory task was chosen to be one about which much is known, and was pi A thi 
e 


r iti n 
oe cent ine of Norman (1966) and Wickelgren and Norman (1966). 
the he iat concern in these experiments 15 the accuracy of the subjects in shadowing 
Edi ae Bpod to them. Some experimenters believe that subjects should produce 
This ae ormance, for errors might indicate a lack of complete attention to the task. 
Binder di seems questionable, for if subjects are able to perform without errors, who is to 
isikna irn capabilities are being stressed to the fullest? Thus, it would seem wise to 
But it $ : - kz that leads to some errors, even when subjects are working at their very best. 
S — to get good baseline figures on shadowing ability when no other task is 
hence mai ien, we can tell if there is any disruption in shadowing performance when the 
y task is added to the situat s any disruption of shadowing 


beyond thi a $ ion by seeing if there i: 
Deren e baseline established previously. Because of the critical nature of the shadowing 
pue. tiere in this experiment, it seems desirable to use well-trained subjects who have 
ed a stable level of performance on both memory and shadowing tasks when either is 


Performed alone. 
Conditions 

eco el conditi tudied: shadowing (S), memory (M), memory-while- 

oe (MS), and memory- In condition S, subjects were asked to 

ow only and to disregard the memory material. In condition M, subjects were asked to 

d the words they heard for the shadowing 


d ; 
m memory experiment only and to disregar: 
. In condition MS, subjects were asked to perform both memory and shadowing tasks, 


bu h : à 
i were urged to avoid errors in shadowing. hus, by instruction and by frequent 
Fina iid the number of errors they made while shadowing, subjects were forced to 
ide their attention unevenly, e shadowing task. (The im- 


me phasis on th 
"s rtance of this procedure was pilot study in which the subject's per- 
rmance on the memory tas 


= ped performance, ^x 
Es th his type of result, simi 
e question asked in this paper.) 

enone different sessions of memory material and three sessions of shadowing material were 
2 orded on magnetic tapes making nine possible experimental combinations. During the 
fe periments, the shadowing and memory tapes Were played to the subjects over two pro- 

Ssional quality tape recorders and earphones. Material to be shadowed was always 
inei ss to the left ear and the memory test to the right ear. The subjects sat in individual 

und-insulated cubicles. They responded to the memory task by punching their answers 
onto IBM cards by means of a portable card punch and to the shadowing task by speaking 


into a microphone. When scheduling Pe vere run at the same time. Each 


rmitted, subjects W 
Subject participated in a total of approximately 40 experimental sessions (including practice), 
e H 
ach session lasted about 1 hr. 


Memory task (M, MS, MI) 
subjects ! 


I 3 
E the memory experiments, 
te digits were spoken bya digital com 
nciation of the various conditions was 


T digits were made by taking rec 

tion er last exactly 200 msec.» and conver! 

Out th; a sampling rate of 10,000 Hz with 9 bit 

rough a digital to analogue converter directly to the tape recorder and thence to earphones. 
. with the exceptio 


nee the digits zero through seven were used; n that these digits were not com- 
essed in time, the procedure was excatly the same as used in Norman (1966, P- 372). I thank 


ouwe Yntema for making punched paper e digits available to me. 


ons were S 
interference (MD). 


however, Was severely affecte 
lar to that of Mowbray (1964) gi 


istened to lists consisting of six two-digit numbers. 
puter in a male voice So that the timing and pro- 
accurately controlled. Each digit lasted exactly 
orded segments of the voice of Douwe Yntema, adjusting 
ting the analogue voltage waveform to à digital representa- 

poken by putting them 


bit accuracy- The digits were S 
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s were 
sec., the two digits of a number were separated by 100 msec., and Be aie t 
praed ur the rate of one digit pair per second. m ke cues dim s rona iid 
? E ER ; 
delayed and immediate. In the immediate condition, at ken dde acute 
tone (also computer controlled) was presented = > ae ipe vti we tun gam, Pr (8 the 
ded. Men vd ithe a E dd occurred) or no (the test pirates 
E d pa is echa qe nes in the accuracy of his response on à fo 
int scale. list and 
Pn delayed condition, there was a 20-sec. delay between the wie ova 
the presentation of the tone and test number. All other n en zc ni about 
Each session of the memory material contained 100 trials, divi e re Sn. aoe 
20min. each. The first 5 trials of each part were used for practice (t S sak m niiata 
the subjects) and so were not counted. Of the remaining 90 trials, 60 were ih A E 
condition and 30 for the delayed condition. Of the 60 immediate tests, gon ore ola Of thé 39 
(1o at each serial position tested) and the remaining 20 were new €: Se -maining 10 
delayed tests, 20 were old test items (5 for each serial position tested) an rial positions in 
were new test items. To shorten the duration of the experiment only pon a F onsa 
the list were tested: postiions one, three, five and six. The ordering of the cor the subject 
tests was determined by the pseudo-random number generator of the MT d 
could only tell what condition was being tested at the time of the test itself. 


Shadowing task (S, MS) 


Each session of the Shadowing material consisted of two parts of about apos voice 
containing a continuous stream of about 3000 monosyllabic words spoken in r om a list 9 
at the rate of two words each second. The words were selected randomly fr : 
2000 words selected from the Thorndike-Lorge collection by Waugh (1961). -— theif 

Subjects were trained to shadow accurately. They never knew when in a eae” was 
shadowing performance was under surveillance, but in fact (because only a Scoring 
monitored at a time) only one-half of any subject’s performance was spp d followed 
followed a rigid criterion: any deviation in pronunciation was Scored as an € à evaluate’ 
the rules described by Mowbray, 1964). Occasionally an independent scorer ais s scores 
the shadowing performance, with very high correlation to the ARA EA J 
Subjects were often shown the results of the shadowing analyses and were 
warned that they were making too many mistakes. 

Joint tasks (MS) 

When performing the two 
soon as they heard them, "| 
shadowing when the mem 
shadowing until they heard 
As soon as they heard the t 
make their response, 


each 


„ords #8 
tasks simultaneously, subjects started shade ving the le 
hey were especially warned against increasing their err optine 
ory digits were presented. They were instructed to "e digits: 
the r000 Hz tone in the ear which contained the ety its, and 
one, they were to stop shadowing, listen to the test E dowiPÉ 
Immediately after making a response, they were to start s z sec. Ü 
ugh time between lists so that the subjects could do abou j 


tive 
: effec 
Start of each list. (The signal to stop shadowing was very ke? 


are doing (Cherry, 1953). 
Memory-interference task (MI) 


" rene? 
This task was added in order to study the effect of the shadowing task as pure inter enol 
to the memory of the digit lists. Subjects were asked to listen to the digits of the tone 9P 
task without shadowing. "When the six numbers of the digit list had finished, y wis?! 
test number appeared immediately, they were to respond as well as they could. " en 
they were to start shadowing immediately and continue during the 20 sec. that ep e eh 
elapse between the end of the digit list and the presentation of the tone and tes x in th 
In condition MI, therefore, the shadowing acted solely as interference to the mem 
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delayed te iti 
st condition, much like any other interferin k $ 
P 3 y g task such as colour-naming or 


| i Practice 
Subj H n 4 

Ne practiced shadowing prior to the start of the experiment until their error rate had 

dave = E. stable, asymptotic value. ‘This took about 18 hr. of practice, distributed ove 2 

| ays. ubjects did several sessions of the memory task prior to the actual experiment to ps 


t gs “an 
hem used to that condition. In addition, as already noted, the first five memory trials at the 


sti : 
art of the day and after each rest were considered to be practice and were not scored 


Subjects 

" eee of the extreme difficulty and amount of time required to train and test subjects. 

: nly two were used in this experiment. (A third subject was used in a pilot study.) The: 3 

were both female undergraduate students at the University of California, San Diego. aod 
» 


were paid for their services. 
Results 


The analysis of the shadowing performance is shown in Figure 1. Approximately 
10 sec. are required for theerror rate while shadowing to rise to an asymptotic value. 


30/7 
207 S-immediate 
10) 
Or} 
30} S-deloyed 
g 20r 
* 10 
E L 
a9 =30 20 10 
5 30}- aoe 
E 20|- MS-immediate 
" 
S 10}- 
= 
= 
$ sor 
B20 
10 
o 
30 
20 
10 
9 -o -20 40 O 
b Words before end 
Digit of shodowing 
| list 
Figure r. The analysis of performance on the shadowing task. The percentage errors are 
| conditional upon shadowing taking Place "Thus, the absence of a line indicates that subjects had 


Stopped shadowing. 
is relatively independent of the 


on the whole, 
in the error rate at the con- 


The shadowing performance, j 
s a noticeable increase 


memory task, although there i 


| clusion of the digit list. . " 
| It is not possible to compare the results from the various memory conditions 


directly because the false recognition rates varied widely. This is a typical result 
| of experiments which use the so-called **yes—no" procedure, whether they be 


experiments in memory OF in psychophysics (see, for example, Green and Swets. 
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1967; Norman and Wickelgren, 1965; Parks, 1966). For the present analysis, it is 
convenient to treat the memory task by the assumptions of strength theory (Wickel- 
gren and Norman, 1966). The yes—no and confidence ratings of the subjects give 
us memory operating characteristics. From these, we can get estimates of 
memory trace strength for each item. (These estimates of trace strength for some 
item 7, ¢(z), are similar to the d' of signal detection theory.) 

The data for the individual subjects were analysed separately. However, 
because there was essentially no difference between them, only the average results 
are reported here. The results of the trace strength analysis are shown in Figure 2. 


T T T T T 
MI 


$0|- e—elmmediate ? - 
C---oDelayed 

xd "E 1 

1-0}- J 


por -9 
Osmena O 
1 2 3 4 5 6 
Serial position (i) 
(c) ks. 
Ficure 2. The comparison of memory trace strength, ¢(i), with and without shadowing, condi- 
tions MS and M, respectively, 
(a) Shows substantial short- 
memory when the test is del 
(condition M, 


term memory in both conditions. (b) Shows substantial long-term 
ayed 20 sec. after the end of the list but no shadowing is require 

) When there is shadowing (condition MS), there is a negligible amount s 
long-term memory trace strength. (c) Shows that when shadowing takes place only in the interva 
between the end of the memory list and the test short-term memory (. ) is the same as condition 
M of part A but long-term memory trace strength is completely negligible, as it is in condition MS of 
Part B. (Trace strength for serial position 6 of the immediate test is too high to be estimated.) 


The probabilities of cor. 
are shown in Table x, 
Consider first the immediate tests of memor 


tion, P(y old), represents from 110 t 
recognition, P (y new), 


rect recognitions, P(y| old), and false recognitions, P(y| new); 


y. Each estimate of correct recogni- 
© 120 observations and each estimate of false 
from 200 to 240 observations. It is clear that even though 
the immediate memory is not as good while shadowing (condition MS) as in the 
absence of shadowing (condition M)—memory strength for position 6 drops from 
3:0 to 1:4—there is no question that subjects remember a substantial amount of 
material from both conditions (Fig. 2(a)). It is also clear that similar serial 
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position effects are observed in both cases. Now consider the delayed tests of 


memory. Each estimate of correct recognition represents from 50 to 60 observa- 
tions and each estimate of false recognition from 112 to 120 observations. Although 
there is a substantial amount of memory and a serial position effect when memory is 
tested in the absence of shadowing (M), there is very little memory at all for the 
condition with shadowing (MS) (Fig. 2(b)). In condition MS, with delayed test, 
the correct recognition rate is just barely superior to the false recognition rate: the 
average trace strength of memory items is only o-11—a very low value indeed. The 
conclusion one reaches, therefore, is that while shadowing there is a fair amount of 


immediate memory but that almost no memory remains after a delay of 20 sec. 


TABLE I 
Recognition probabilities in the memory tasks 


Serial position 


Condition 
I 3 5 6 new 
M-immediate 41 50 92 98 22 
M-delayed 61 52 71 86 35 
MS-immediate 48 59 83 83 48 
MS-delayed 70 68 73 66 62 
MI-immediate 43 58 98 100 24 
60 63 68 75 69 


MI-delayed 


The short-term memory measured while shadowing (condition MS) is at a lower 
level than that observed in the absence of shadowing (condition M). There are at 
least two reasons for this. First, when the subject is shadowing, he is so busy that 
he cannot rehearse the digits, even though they are registered in short-term 
memory. Second, the subjects do not stop. shadowing the instant the tone for the 
test digit is presented. As can be seen in Figure 1, subjects continued to speak for 

These two factors—the inter- 


several a the conclusion of the digit list. 
aoee E E end of the digit list and the lack of rehearsal— 


ference of the shadowing after the end. d l c i 
both tend to lower the amount of material that is available in memory at the time of 
get in equally well whether or not shadowing is 


test, i digits themselves ' 
evenit ths oe S Ta h in the skills required 


taki d the shadowing task is so complex, bot i 
a ie de f sounds that result, that the remarkable point is 


of the subject and the confusion 0 : 
that there appears to be so little decrement of performance in the memory task. 
Peterson and Kroener (1964), for example, suggest that the confusion of voices may 


create a perceptual deficit. T 
Proof Lin n lack of memory in the MS-delayed condition results from the act 
of shadowing during the 20-5€ consideration of condition MI, 
where shadowing was performed only during the delay period (Fig. 2(c)). In the 
immediate test condition, each estimate of correct recognition represents 80 
60 observations; in the 


observations and each estimate of false recognition 1 

delayed test condition, each estimate of correct recognition represents 40 observa- 
tions and each estimate of false recognition 8o observations. The results of MI- 
immediate are very similar to those of M-immediate condition, as well they should 


c. delay comes from a 
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be, for the conditions are identical. The results with delayed tests show slightly less 
memory for condition MI for condition MS (average memory strength is 0-07 com- 
pared with an average of o-11 for condition MS) but a slightly greater serial position 
effect. These memory effects are minute, however. For example, the average 
probability of responding yes to an old item is 0-66: this is slightly /ess than the false 
recognition probability of o-69. (The overall positive value for memory trace 
strength comes about through a consideration of confidence ratings.) 


Discussion 


While a subject is busy shadowing, he still retains a good short-term memory 
for other material which may be presented to him, but no long-term memory for 
that material. The experimental conditions used here which are most similar to 
those of previous studies is the delayed test of memory: the results are also very 
similar—little or no memory. The difficulty with the earlier studies appears to be 
in their neglect of short-term effects, which are now revealed to be rather large 
This neglect is not surprising, for the earlier studies occurred before the recent 
extensive theoretical and experimental analyses of short-term memory. Th : 
present results must be interpreted to indicate that, although the act of shadowing 
prevents the subject from performing whatever operations (e.g. rehearsal) are 
necessary to retain material for reasonable durations of time, the short-term 
memory is still operative. 

What do these results imply for theories of attention that assume that we turn off 
or attenuate all but a single channel of information? Accordingly to these theories! 
full attention is paid to the shadowing task, the memory task of the present expert 
ment must be "disconnected" or attenuated. The datum that must be explaine 
by all theories is the short-term memory in the presence of divided attention. 

As we have seen, one theory requires the existence of short-term memory: 
way for other theories to handle this result is to postulate that there are sensory 
Storage units prior to the attention mechanism. After the signal to stop shadowing 
has been presented, subjects are able to read out the contents of that sensory storage 
When there is a long delay between the end of the memory list and the test, m 
material in the sensory store decays away. Such a sensory storage system plays T 
Important role in Broadbent’s early theories (1958). The main problem with & Ps 
argument comes from the similarities of the properties of the sensory storage W ue 
would be required to handle the present results with the properties of the ust 
po ug memory. The characteristics of short-term memory usually seem tz 
"chunk on Such non-sensory factors as the number of psychological ug. 

T : rather than upon such sensory factors as the duration of t?” 
material (Miller, 1956: Norman, 1966; Waugh and Norman, 1965). The quantit? 
tive similarity of the seria] position curves from the short-term memory condition? 
of this study to those found in other studies (such as Norman, 1966 and Wickelgre" 
and Norman, 1966) would appear to be too much of a coincidence to be explaine 
the parameters of a sensory memory. Further discussion of this point can 
found in Norman (1968, 1969). 


; E jle 
In conclusion, the experiments reported in this paper illustrate that even whi 
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subjects are kept busy with a difficult shadowing task, they retain some short-term 
memory for other items presented to them. Little or no memory for these items 
remain after a lapse of 20 sec. The lack of long-term effects can be attributed 
entirely to the act of shadowing during the 20-sec. delay quite independent of the 
shadowing that took place at other times. These results are of critical importance 
for theories that postulate that all sensory signals undergo processing; a negative 


result would have ruled against these theories. 
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BOOK REVIEWS 


Brain Function. Vol. IV: Brain Function and Learning. Edited by D. B. Lindsley and 
A. A. Lumsdaine. Berkeley: University of California Press (London: Cambridge University 
Press). 1968. Pp. xiii + 364. 142s. 6d. 


This is one of the conference series which records the discussion during and after a pape? 
I believe that the participants do some editing after the conference, which presumably makes 
for less liveliness and the two-year publication delay but also for less wasted print. Occa- 
sionally the earlier multidisciplinary conferences in this series managed an impressive few 
pages of truly interdisciplinary criticism and integration. Here the cross-disciplinary 
illumination glows rather than sparkles. 

So much of the book's value must be sought in its achievement as a wide but coherent 
survey of undisciplinary work on the brain in learning. Its success is moderate. The papers 
are uneven in quality and somewhat disconnected, but the discussions rectify this to somi 
extent. And, anyway, is that not the present state of research into the physiologic? 
mechanisms of learning?—different techniques being exploited in ways little related to €ac 
other and with varying relevance to the heart of the problem. r 

The neurochemistry and the electrophysiology of learning have a chapter each, thin o7 
data and critical discussion of it. One could offer a newcomer to the biochemistry ^ 
memory a good brief introduction to the present problems, if he cared to work backwards 
through the discussion of Gaito. Galambos cites without exposition the attempts to fin 
electrical correlates specific to learning by Adey and by John and does not mention t xi 
European results. An appendix to the following chapter describes R. F. Thompson 25 
Spencer 8 analysis of the synaptic basis of spinal habituation in the cat. sam 

: There is only one other chapter on physical mechanisms mediating learning. Pribra 3 
gives a lucid, interesting introduction to the analysis of the behavioural effects of infero 
temporal lesions up to 1964 and his ideas on the role of the “association” areas in corticofug? 
control of central brain stem sensory input, mediating selective attention and intention. 3 

A number of the other chapters, which confine their data to brain function at the Ph 
formance level, are also brief and clear introductions to important work. Konorski_ M g 
N. E. Miller and Pribram) expounds the experimental dissociation of classical conditionI"? 
and instrumental learning and a corresponding distinction in the food system between con f 
summatory and search organizations. Lipsitt describes habituation and some sont ea 
ciate seen in reasonably humane, but well-controlled, experiments with newbort 
vd la „The psychological, but not necessarily physiological, defect(s) in me? 

ation are discussed by O’Connor with Zigler and Birch. + cof 

There is also Simon on computer programs as fully explicit theories of learning, Atkins ? 
Pferden models of verbal learning and Lumsdaine on teaching machine technologi” 
4 nat [eerie introduction to positions in qualitative learning theory. THe ay 
[Ne bes qe leo nari, S-R theory is treated as a very live horse still enthusia where 
Baale theres Gan though the participants of this conference place their bets else orth 

R Guildford on creativity and Koestler on the act of creation. Itis well w' do 
emphasizing that intellectual creation is the summit of human learning, but these authors 
not succeed in being as representative of their area as do some other contributors. 

As a collection of some good introductions to certain aspects of the analysis O 
functions in learning, which are not obtainable in quite this form elsewhere, the book 
probably be in a medium-sized institutional library that included physiological psycholet. 
initsrange. I cannot imagine an individual finding over £7 worth of usefulness in it on pe 
personal bookshelf, but it could be worth an hour or two picking out the bits that interest i 
Name Index includes discussion comments). D. A. Boo 
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Edited by R. Meili and H. Rohracher. 2nd 


Lehrbuch der experimentellen Psychologie. 
d Stuttgart: Verlag Hans Huber. 1968. Pp. 


edition, revised and enlarged. Bern an 
XII + 501. D.M.44. 


text in experimental psychology emerged from its birthplace, 
d in 1963 and now reissued in a revised and enlarged 
1 field of human experimental psychology. The topics 
considered are psychophysics (Ekman), perception (I. Kohler), learning and memory 
(Rohracher), thinking (Meili), feeling and emotion (Karsten), personality (Brengelmann), 
experimental social psychology (Eyferth) and statistical methods (Pawlik). Oddly, perhaps, 


there is no chapter on language. " , 
In spite of its many excellent qualities, this textbook is pervaded by a curiously old- 
fashioned sense of the “generalized normal adult human mind” which for Wundt and others 
tal psychology. There will be found 


of his time represented the subject-matter of experimen s 1 k h 
almost nobls about children or animals, about individual differences in ability or about 


brains and behaviour. Indeed Behaviourism might almost not have been and Gestalt 
Psychology still maintains a ghostly presence. Clearly, little has changed in German 
academic psychology except its quality, which seems alas never to have recovered from the 


debacle of 1 

933. ops initiative i iling this text, which does 
Non t welcome the Editor's initiative in compiling xt, | 
make à ed ded e onda work available to German-speaking students. It will no doubt 
be widel u "p d in spite of its limitations should keep the tattered banner of what was 
y used and in sp. in the land of its birth. 


It is a long time since a major 
Germany. This one, first publishe 
edition, attempts to cover the gneera 


once the “new psychology” flying ! O. L. ZANGWILL 


TE d Choice. By R. Darrell Bock and Lyle V. 
The Measurement and Prediction of Judgement “Pp. 370. $1375. 


Jones. San Francisco: Holden-Day. 19 


Forty years ago, L. L. Thur 
upon i iate d ; à A 
Fares pee ui M Its dispersion was used to define the unit of a 
PSychological scale. By assum 
Preference to B, if the discrimina" 
Processes of judgement and choice 
di ocn and categorical j > book to the master and give a systematic presentation of his 
mu and Jane dedicats rent methods for obtaining data—the constant method, 

els organized under 
z an 
method of pair comparisons, method id one, 
major contribution, and it is an IH the problems of parameter estimation, construct- 
Variety of statistical techniques for so f fit of each model examined. "There can be 


* odness 0: ` ; 
ing confidence bounds and testing a Fee aieh eo much attention has been paid to these 


few mathematical models in psycho! 


Problems. and for a nu 


ption a P 
1 value of 
led to mo 


mber of variants they compare graphical, 


For the basic scaling models pans method of weighted least squares) and maximum 
ium transform chisque ti estimation and also the confidence bounds on scale values 
à elihood solutions to paramete e. They also construct appropriate analysis of variance 
hat can be obtained in each c9? of each model. 


designs for testing goodness of fit 0 concerned with extracting information from data, 


e » 
This book should be useful a an He would be advised to first master some text in 
whether or not his interest 1S Ps Mood and Graybill, although he is assisted by worked 
HA m raed at the Ga sits, are introduced. ‘There are nearly 60 pages of tables 
mples wherever new tec 
and computing notes ; 
e int to t 
If the book is to be faulted We ui de this involve 
established and the amount of ata discusse 
and, the importance of the PS 


he dissonance between the level of rigour 
tation s on the one hand and on the other 
compu d. The following detail is typical: 


ychological d: 
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«| Two samples of warmed green beans were served to customers, who tasted the samples 


and expressed their preference for one of them. . . ." (p. 141). 
HENRY SHAFFER 


Minnesota Symposia on Child Psychology. Vol. 1. Edited by John P. Hill. London: 
Oxford University Press, Minnesota University Press. 1967. Pp. 239. 47s. 6d. 


In the last decade, most American work done in the name of child psychology involved 
taking ideas or techniques from mainstream psychology and trying them out on children; 
often it seemed, for no better reason than that children are there. Though some of the 
limits of generality of the adult and animal data became clearer, this era did not add much to 
our knowledge of development. Now there are signs of increasing concern for what must be 
the root of child psychology; the problems of development itself. Several influences have 
contributed to this change. One is certainly the growing knowledge of Piaget’s work in the 
United States. The nativistic approach of the psycholinguists and their growing pre- 
occupation with developmental questions has had its effects, too. Another strong push has 
come through the boom in studies of the neonatal period. Such research raises many 
developmental questions in their most acute form. From this perspective the volume under 
review is antedeluvian in outlook. With the exception of one chapter (by White), one may 
search in vain for any discussion of developmental problems. 

The book has its origins in a symposium held by the Institute of Child Development of the 
University of Minnesota in 1966. Six speakers were "given the opportunity to discuss à 
series of related studies from the perspective of the theory or set of issues that guides their 
programs of research." This, we are told, has unique advantages for both the investigator 
and the reader, as it provides a “programmatic” perspective which is lost in any “seconc” 
person review" of an area and is fragmented in journal reports. "The advantages seem ^ little 
less than unique as much of the work has been published elsewhere in very similar forms an 
for the most part the authors have used the opportunity to string together a number 8 
papers with a little bland discussion, apparently unhindred by editing. 

In the one example of work from the new wave, White discusses the sensorimotor develop- 
ment of institution children in the first year of life. He points out that we lack the bast? 
observational data necessary to build or test theories of development. Though I feel he 
underestimates the amount of existing information, I would not quarrel with his plea for im 

to sharpen our observational tools and to collect 20 years of solid natural history.” k 
ascribes the dearth of observational work to the difficulties in getting hold of subjects; the lac 
of research time available for academics and the biases of journals against descriptive papers: 
PAM are superficial reasons. Children are easier to come by than say, adult bus dei 
and many animal workers, even in America, find time to do observational work. As for 
d they merely reflect the work actually being done. ‘The real reasons are slightly 
Brei ipe ia iie and may be found in White's chapter itself. Having stressed the need Ir 

gical an observational approach, he goes on to say that he sees the domain [7 
psychologist as the manipulation of experience through environmental modifications” and n 
oo professionally obliged to work on the problem of how to structure a € ni t" 
P A za experience has a maximum positive effect on growth and developme? he 
creed im idi ways. In the long term these may be desirable ambitions, m no 
T not going to get the observational work done. Natural history !$ 
compatable with Structuring the child's world. 

This collaborative work (with Hayes, Held and Castle) shows that some environmen”. 
ronin enion influence the development of visual attention and grasping. Giving inf? jd 
rode dee ping look at results in earlier grasping, apparently because they i^ is 
: ooking at their own hands. 'The demonstration of plasticity in these system al 
important in itself, but this work goes further as it has opened up a new field for experimen" 
investigation. 2 

Gewirtz, prominant on the S-R right wing of child psychology, demonstrates that e 
reinforcing properties of the word good (or yafeh for Hebrew children) in a discriminat’ 
learning situation depends inversely on prior presentation. 


he 


ental 
nt 
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The rather successful use of operant techniques with schizophrenic children is described 
by Lovaas. In most treatment situations children are rewarded for psychotic behaviour; the 
child who bangs his head gets most attention. Lovaas punished psychotic Echaviour and 
used a variety of techniques to shape better things. His claims are modest and he quickly 
gets you on his side by saying that there is more to human behaviour than that contained in 
reinforcement theory. The most interesting work concerns verbal imitation training. He 
began by reinforcing all vocalizations and visual fixations of the adult’s mouth and then 
shaped the behaviour to approximate the model more closely. After several weeks of this, 
many new words were being learnt each day. At this stage he went on to teach a labelling 
vocabulary and finally to the training ofabstractspeech. The degree of generalization of the 
training is surprisingly wide and seems to stand up reasonably well in other situations. Part 
of this success may be attributed to the use of the parents in the training sessions. His 
dismissal of Miller’s doubts that operant techniques can produce flexible language seem a 
little naïve. Precise descriptions of the children’s verbal behaviour before treatment are not 
given. Some were echolalics who must have had some familiarity with speaking before 
training, in any case more than complete mutes. 

The increasing influence of Basil Bernstein’s ideas in the United States is seen in the study 


by Hess and Shipman. I.Q. tests and analysis of tasks carried out by mothers with their 
four-year-old children form the basic data. The families were all Negro and were divided 
ed, skilled manual, manual and manual with father 


into four social class groups (college educati ^ 
absent). 'The three lower class groups differed little among themselves but were distinct 


from the middle class group in terms of the children's performance and its control by the 
mother. Though this parallels the mothers’ I.Q.s, the authors prefer to discuss the results 


in terms of social class and the lack of choices for ghetto children and their impulsiveness 
(delay of gratification means no gratification). This implies that "cultural deprivation” is 
the lot of any black (and white?) child whose parents don’t make it to college. 

Mavis Hetherington looks at three theories of sex typing. Her results “appear to yield 
evidence in partial support of the three theories" (and others too, perhaps?) After four 
Solid pages of intercorrelations o and child variables, she remarks that the reader 


may be dazzled by the array of insignificant correlations. This reviewer was. 
bute a chapter entirled “Linear structural models for 


Suppe: an contri 

Per Sale pro aos in arithmatic on computor-controlled terminals.” The 
reviewer does not feel competent to comment on this interesting-looking research except to 
Say that it is refreshing to see the learning theorists getting into the classroom. 

. The editor remarks that volume illustrates that there are many ways of doing good work 
in child psychology. But then some people may feel that there is more to the game than 
doing psychology. Though this book is not worth buying, if you are interested in where the 
child psychologists were a few years ago, it might be worth borrowing from the library fora 


few days. 


f parental 


Martin RICHARDS 


By Aubrey Manning. London: Arnold. 1967. 


An Introduction to Animal Behaviour. 
Pp. viii + 208. 32s. cloth. 21$. paper. 
this is an excellent introduction to animal 


iology Series, t c 

d e er reece texts, it will not mislead the pue into any me 
Path, for animal behaviour is considered from a broad approach, involving ethology, 
R i : n H : nof . 
: The p Esker ae of the organization of behaviour within ipe d is 
Reflexes and complex behaviour. -P addition to their difero = aS y eir common 
Properties and provides a brief physiological background for " p aa ; ow a anima 
ecomes well-suited to its enviro! t is considered in the | qu opment of ia ee 
Examples of selective learning in par pecies will be of especia interest to psycho ogists. 
gement for attempts to classify behaviour into that 


Alt i ives “little encoura: \ : 
PUE d m an js learnt,” the terms are nevertheless used as if a dichotomy 
epting thelatter. Factors which determine what 


nmen 
ticular S 


Which is inherited and that which i: 
existed, with the danger of the beginner acc 
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an animal does at any given moment include External stimuli (sensory capacities, sign stimuli, 
stimulus filtering) and Motivation (from theories of motivation to the physiological basis of 
motivation). Conflict behaviour involves what happens when the smooth course of behaviour 
is interrupted (threat dispalys, displacement activities, courtship and prolonged conflicts). 
With Hormones and behaviour, a brief physiological basis is again provided before the 
interactions between hormones and behaviour are considered. The last part of the chapter 
on insect reproductive behaviour provides a valuable complement to the previous discussion: 
‘it shows that animals with a completely different structure and evolution from the verte- 
brates nevertheless use similar methods to co-ordinate their behaviour with their reproductive 
physiology.” The following chapter, Evolution, concerns genes and behaviour, the micro- 
evolution of behaviour, and sexual isolation, concluding that “natural selection is oppor- 
tunistic and operates upon whole animals not upon parts." The last two chapters on 
Learning deal with the classification of different types of learning, the comparative study © 

learning, and the physical basis of learning. While the classification of learning is difficult 
to relate to experimental operations and rather outdated, one would like to see sections 
particularly relevant to the previous chapters expanded (e.g. comparative learning expanded 
to give a further idea of just what sorts of comparisons are meaningful). 

Although presenting such a variety of material on such a variety of animals, the author 
offers no superficial solutions. He provides clear descriptions of experimental procedures 
and points out complications in interpretation. Animal behaviour is presented as an 
intriguing subject requiring further investigation. 

Joan G. STEVENSON 


Thinking and Reasoning. Edited by P. C. Wason and P. N. Johnson-Laird. Harmonds- 
worth: Penguin Books Ltd. 1968. Pp. 431. 8s. 6d. 


If Dr. Wason and Dr. Johnson-Laird are looking for more material for tests of logical 
abilities, they ought to try this statement: “All the experiments in our book of selecte 
readings are about problem solving by human subjects. Our book is called "Thinking 2”; 
Reasoning’. Therefore human subjects only think and reason in problem solving expe 
ments: they do not reason or even think in experiments on verbal learning, verbal reca i 
probability learning, perceptual constancy or vigilance." In fact it seems that, in a mann ie 
peculiarly appropriate to their own research interests, these editors have defined the subje^ 
matter of their book entirely by the exclusion of negative instances. The excluded negativ 
instances are all those experiments in which some form of hypothesis formation is studie® 
but which nevertheless may be included in a more established category, such as huma 
learning or perception. What is left is human problem solving, and since many stude" 
might rely on such a collection as a definition of the content of an area of research, “Human 
Problem Solving” is what this book should have been called. 

‘ If this collection is to be judged on how it manages to present an accurate and cone” 
picture of research on problem solving, then it must be judged, with one notable except! 
to bea success. Tt has six sections, and three of these are excellent. ‘These three conc? "i 
Deductive and Inductive Reasoning and Matching Problems. Each section contains 1 
account of à specific area of research in which reports of experimental progress are nic’ : 
balanced with discussion of specific problems of experimental design. Of the remain" 
three sections, two raise certain problems, although they both contain much that is inte? d 
ing. One can question, for example, in the section on computer simultation W QA 
ARGUS program was included and the EPAM model left out. In another section of wh 
the title is actually “Problem Solving," one can detect signs that the editors are functional 7 
fixed on the topic of functional fixedness. Four out of six papers make the well-worn po n 
that experience can hinder original solutions to problems. One of these might have be t 


oherent 
on; 


. ec 
abandoned in favour of Yarbus' account of how eye movement studies can be used to dr is 
the effects of previous experience on the way information is assessed in a new situation. is 


in the sixth section on development that the most striking imbalance is to be found. ‘of 
section is devoted entirely to Piaget and his colleagues and to Bruner. Piaget’s pos ag 
cannot be questioned, although the selection of his work here is very odd. Only flee? 
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references are allowed to the classic conservation and seriation experiments, and a great deal 
of space is devoted to his more dubious and less replicable work on class inclusion. Bruner’s 
Place is more questionable, since most of his work in this field is derivative and he consistently 
fails to consider, let alone to eliminate, alternative hypotheses (suitable case, one would have 
thought, for Dr. Wason). What really is surprising here is the omission in this section and 
even in the suggestions for further reading of any mention of the major Russian work in this 
area, the work of Luria, Zaporhzets, Liublinskaya, Zinchenko and Lomov. Many accounts 
of these exist in English. Anyone interested in this section would do well also to look 
further afield. 

Each section is preceded by a brief introduction, but as in most books of readings the 
editors give no account of what they actually think about the articles which they have 
chosen. Itis my opinion that there should be a rule that editors should at least say whether 


they choose papers because they are good, or because they are representative, or both. This 


might help the reader. It would certainly make reviewers’ lives a great deal easier. 
P. E. BRYANT 


Les Troubles de la Résolution de Problémes. By A. R. Luria and L. S. Tsvetkova. Paris: 


Gauthier-Villars. 1967. PP. 271- 


Ni europsychological Symptoms and Syndromes in 
Areas. By I. Gloning, K. Gloning and H. Hoff. 
agnostic and Psychological Study. By A. 


Performances in Aphasia. A Neurodynamical, Di 
Kreindler and A. Fradis. Paris: Gauthier-Villars. 1968. Pp. 261. 

These three volumes, together with a French translation of Hermelin and O'Connor's 
Speech and Thought in Severe Subnormality, are the first to appear in a new series Collection 
Neuropsychologia: Monographies de Neuropsychologie under the Editorship of Professor 
Henry Hécaen. The Luria-Tsvetkova book is concerned with the analysis of problem- 
Solving defects in cases of frontal lesion and has been excellently translated by Dr. R. 
Lhermitte. The Glonings and Hoff provide a clinical and statistical analysis of 241 cases of 
Posterior hemisphere lesions, verified anatomically either at operation or autopsy. Kreindeer 
and Fradis report new chemical and experimental studies in aphasia. This series A be 
of particular interest to experimental psychologists and others who have occasion to work im 


the neurological field. O. L. ZANGWILL 


s: A CIBA Foundation Symposium. Edited by A. V. S. 
don: Churchill. 1968. Pp. xi + 320. 65s. 


ibes i i hysiologists, anatomists, 
ici i describes it as of interest to neurop. „an 
The publicity for this volume + psychologist is not invited. Nor was he, in leed ta 


n i i 00! ^ 
1 ere uri ten he This in itself is an interesting fact. Another recently 
published book dition, Whitfield’s The Auditory Pathway, conspicuously omits reference 
pared vec ME need psychological observations 


i i hysiologists no longer g i 
ins es ere ponen PA micro-electrodes and are beginning to sort it out? 


now they c et inside the system W PEDE 
Scientifically v dmn psychologists have long favoured e ie in "s esi | aim 
relation between results of behavioural experiments and ec i b ysiological mec 
Was reasonably close. Have they died out or been given the sa A— 
In fact they are alive and producing excellent material at à ml un n Yers 
Journal of the Acoustical Society of America has expanded three ` , ani A e pari pagopen 
cians have more than held on to their share of the total. The un n og of the me = 
isms of masking, frequency discrimination, localization, moar = L m uem pen M 
has increased considerably. The relationship between the a logical resu Sede 
or verifiable physiological mechanisms continues to be close. e - Wed x eo 
that progress has been too fast for the ph mig! 


ysiologists to keep up. t v 
that this is a predominantly European symposium and that psychoacoustics has not had such 
a big impact in Europe as in America. These are fairly uncontroversial facts. 


Lesions of the Occipital Lobe and the Adjacent 
Paris: Gauthier-Villars. 1968. Pp. 98. 


Hearing Mechanisms in Vertebrate: 
de Rueck and Julie Knight. Lon 


100 BOOK REVIEWS 


But to the book. It contains fourteen presentations in five groups: Structure and 
Function of Hearing Organs in Non-mammalian Vertebrates; Structure and Function in 
Mammals; Afferents and Efferents in the Auditory Nerve; Spatial Localization; Central 
Mechanisms. The two most interesting papers are aneuro-anatomical one by Spoendlin and 
a neurophysiological one by Fex, on the microanatomy of the organ of corti, and on the role 
of the efferents to the cochlea, respectively. It appears we are now half way to knowing how 
the nerve cells are triggered by the hair cells, and what the bundles of efferent fibres do. 

One of the most valuable parts of the book is the report of discussions. "Typically with 
such small high-powered groups, these discussions contain a wealth of offbeat information 
that one vaguely knows about but cannot lay ones hands on—information that is problem- 
oriented rather than presentation-oriented. d 

'The volume has an appealing aroma of high-quality paper and is full of photographs an 
diagrams. Despite its lack of psychoacoustics it will be a standard reference in hearing for 

any years to come. 7 E 
many y And rightly so — 


Language: Selected Readings. Edited by R. C. Oldfield and J. C. Marshall. Harmonds- 
worth: Penguin Books. 1968. Pp. 392. 8s. 6d. 


As books of readings go, this is pretty good, certainly streets ahead of a similar selection 
previously evaluated by this reviewer. Each paper has a claim to fame and inclusion, 
although a different pair of editors would probably have omitted some and included err 
The introductions are short and to the point. One would have preferred a text, but th 
book is definitely of use in advanced teaching. 

Mark P. HAGGARP 


Studies in Psychiatric Art: Its Psycho-Dynamics, Therapeutic Value and Relationship E. 
Modern Art. By R. W. Pickford. Springfield, Illinois: Thomas. 1967. Pp. xix TM 
$14.00. 

Professor Pickford has collected together a number of his articles and papers 1^ Ad 
general field of art and psychopathology and added a certain amount of unpublis a 
material As might be expected from this author, the point of view is Freudian, tho d 
not narrowly so—indeed one chapter betrays considerable sympathy with Jung- 


result, though somewhat lacking in unity and theme, is an interesting and in P' 
extremely perceptive study. 


atches 


O. L. ZaNcWI^" 


eles: 


Aggression and Defense. Edited by C. D. Clemente and D. B. Lindsley. Los Ang Pp- 


University of California Press. London: Cambridge University Press. 1968. 
xv + 361. £7 2s. 6d. 


ae book is the proceedings of a conference held in California in November; 1965, 
with participants from a wide range of disciplines. The initial similarity betwee? no 
and an earlier book, Carthy and Ebling (1964), proves deceptive, and if the reader is E 
deterred by the frontispiece he may find many of the chapters useful for the data "The 
contain or as reviews of areas of research. Other chapters will be much less useful. | 
increasing frequency with which books such as this are produced raises the question oy 
whether they have a merit other than that of their constituent papers. I think that 5 ts 
may have where the discussions show which are superficial and which are basic P? jdt 
of disagreement between authors with apparently opposing views, e.g. I. Eibl-Eibesfe 
and J. P. Scott in this volume. an 

In the opening paper, L. S. B. Leakey suggests that weapons were first used by pe 
when he turned to a scavenging existence, to drive other scavengers from the kill: E 
they were used to kill prey, and by a natural progression, to kill his fellows. Th e 
followed by papers on animal behaviour and the physiology of agressive behaviour: 


i ing 
Cetacea are discussed by K. S. Norris. "The widespread occurrence of ritualized ght 


^ 


BOOK REVIEWS Nor 


in animals which possess dangerous weapons suggests that strong selection pressures operate 
to retain the use of aggressive behaviour as a spacing out mechanism, and I. Eibl-Eibesfeldt 
and S. A. Barnett discuss the way in which species resolve conflicts without the use of harm- 
ful weapons. Neither author attempts a comprehensive review of the literature on animal 
fighting, and there is little mention of fish behaviour, where much of the quantitative 
work has been performed, or of the relationship between courtship and fighting displays. 
Eibl-Eibesfeldt also deals with the effect of isolation on aggressive behaviour, and this 
section shows clearly how his (Lorenzian) view of aggression differs from that of e.g. 
J. P. Scott. Reaction to a strange animal with the species-specific motor patterns of 
attack does not require the previous experience of conspecifics: hence fighting is not solely 
learned behaviour. Studies showing that the opportunity to attack is reinforcing are 
interpreted as evidence of an “urge to fight." Finally, examples of fluctuations in the 
threshold for attack are discussed. If a male Cichlid Etroplus maculatus could attack 
other males through a glass plate, few attacks were made on the mate, while if the pair 
were visually isolated, the mate was attacked and killed. — Eibl-Eibesfeldt suggests that 
this is the result of damming up the male's aggression. "This increase in responsiveness 
is the vital point in his argument for spontaneity, and it is not clear whether it is due to 
the removal of a short term inhibition, or whether it is a long term, continuous threshold 
lowering. Heiligenberg's work on Pelmatochromis, also quoted, shows that the lowering 
of the threshold for aggressive behaviour is not an invariable consequence of isolation 
in Cichlids, and it seems important that these increases in responsiveness with time should 
be investigated by those who hold that aggression 1s not spontaneous, as well as by those 
who hold that it is. P ; , 
S. Kawamura shows how complex aggressive behaviour may be in troops of Japanese 
macaques. Thus, a monkey may attack an inoffensive bystander to divert an attack 
from itself (by inducing its own attacker to join in this attack), or to apply pera os 
pressure to a leader (by demons titl the superiority to cT Pe attac 
as its status demands it should). By joining In and leading the attacks QUE ye 
animal, a monkey may obtain the other's friendship, and hence raised own Tu peo 
over, there are differences between troops not only in tolerance:oE proximity, ; 


possession of particular ritualized behaviour patterns. 


i i uate an analysis of attacks in simple stimulus- 
A iape aon wore M. R. Delgado shows how by radiostimulating 


response t may be. A chapter by J. A d i ; i 
Brno darse: with chronically implanted electrodes ina per mier c po E paca 
to study such complex behaviour physiologically. pope ive) bit which were not 
Stereotyped gestures and grimaces which might appear EE och ‘--effect of stimulation 
socially directed, could be separated from those productii, “ak ae ith hich relations were 
well coordinated attacks of variable form directed animals n 5 ps emulation 
normally unfriendly. The contribution of more conventional abla ee ae eo 
studies to the problem of the neurs 


] organization of aggressive be 
at length by B. Kaada. A. B. Rothballer eschew 


S psychopharmacology and acar 5 
i i i between neurohumours (which he 
S i discussing the relations 
cological approach when peii saul 


defi broadly) and aggresst cific ateme must us he 

iu rd) he psn Ol ry frm and elg 

cen eviden terte ior Te m in species in mei rionn, 1 LH may be important in 

d e controls Y l gee he 

itn s [pump are claimed before much testis ay th ha argo m 
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UH ere ee es behaviour are then discussed, and 


"a i hormons levels Wr ape Males iei catecholamines and fighting. 
B. L. Welch adds a comment on the 


i i idely. L. Berkowitz reviews a 
uman behaviour, differ wi , Ber z revi i 
emall b aed > mem eo Me de by a target associated with aggression m -— na a 
a C Bax ae z 
past which otera the aggression elicited. Cognitive EA ma ia apum 
attempt to provide a justification for these responses. . W. Brosin p: 
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the book ends with chapters by S. C. Plog on the methods used to study the Watts riots 
of 1965, and by H. D. Lasswell on the social and political framework of war and peace. 
There are subject and name indices. 

For the reader who wants a handy source of references to a restricted field, the wide 
scope of this book will be a disadvantage, but the wide range of views expressed is welcome 
in the light of the one-sided theses propounded in some recent, and very popular, books 


on aggression. 
P. G. CARYL 


Human Aggression. By Anthony Storr. London: Allen Lane The Penguin Press. 1968. 
Pp. vi + 127. 25s. 


This book is evidently intended for the naïve reader—in the sense in which experi- 
mentalists refer to “naïve rats"—that is, it is essentially for those who have not already 
been exposed to theories of aggression, for it does not have a great deal to say that is new- 
It is an account of human aggression, as understood by the psycho-analysts. First it 1s 
compared with aggressive behaviour in the lower animals; it is then discussed with respect 
to infants, children and adults, and then with respect to sexual relationships. In the 
later chapters, aggression is discussed in the depressive, the schizoid, the paranoid an 
the psychopath. The last chapter is on “Ways of reducing hostility.” . 

"The main features are the repeated stress (i) on the long period of development required 
by the human being before he attains physical and emotional maturity: the dependence 
and vulnerability engendered by this is thought to be one of the reasons underlying the 
wanton aggression and cruelty which is found in homo sapiens alone. (ii) Dr. Storr d 
at pains to point out that aggression has good features as well as deplorable ones: he 
evidently considers it as potent a force as the sexual impulse in artistic and intellectua 
creativity. This leads to (iii) the impression given by Dr. Storr that women constitute 
an inferior minority of the population whose only claim to creativity is in the strictly 
biological field. That this is no overstatement may be seen in his consolatory message 
to womankind: “But it is equally vital that we should be cherished and fed, and that XS 
should reproduce ourselves. Women have no need to compete with men; for what they 
alone can do is the more essential." 

This does not seem wholly compatible with the (readily acceptable) statement in the 
final chapter that the reduction of world population “is the most important single step 
which can be taken by mankind to reduce hostile tension.” This chapter contains some 
other practical suggestions for decreasing international tension, but it neglects to mention 
the substantial financial gain made by a few as a result of war. 


A. W. HEM 


A Textbook of Physiological Psychology. By Sebastian P. Grossman. London and New 
York: Wiley. 1967. Pp. xix + 932. 113s. 


Dr. Grossman has written an excellent comprehensive text for physiological psychology 
which deserves a place on the reference shelves of all psychology libraries. It provid? 
a wide and accurate introduction and review of almost all the major aspects of physio 
logical psychology. It should be useful to lecturers and research workers and shoul 
certainly be strongly recommended to students with physiological interests. i 

The text is divided into four parts, Part I (174 pages) consists of the biophysics, basic 
electrophysiology and anatomy of the nervous system. Part II (132 pages) is concern? 
with sensory processing, sensory-motor integration and the reticular activating syste™ 
Part III (285 pages) describes a wide range of experimental work on motivational mech- 
anisms. Part IV (258 pages) is concerned with the plasticity of the organism's respo” PS 
repertoire and mechanisms of learning. 

The depth of coverage of these subjects varies greatly. For example, Part lll 
motivational mechanisms includes extremely comprehensive chapters on Hunger, Thirst 
Sexual Behaviour, Emotional Behaviour and Self-stimulation. This after all is P” 


I on 


(as 
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Grossman’s own field of research and these chapters will undoubtedly be of great value 
to students and research workers alike. It seems a pity that the author’s personal views 
of motivational mechanisms were not more apparent as he has been in the forefront of 
this field for a number of years. 

On the other hand, Chapter 5 on the reticular formation is very limited in its coverage. 
The mechanisms of sleep and paradoxical sleep are barely mentioned, which is a sad 
omission in view of the enormous current interest in these subjects. 

It would obviously be impossible in one text to give detailed coverage to all the subjects 
listed in the index and possibly it would have been wise to use greater selectivity. For 
example the first 177 pages describe the basic biophysics, electrophysiology and anatomy 
of the nervous system in more detail than is perhaps necessary, especially in view of the 
fact that excellent physiology and anatomy texts exist to provide the student with this 
information. Also, it seems difficult to justify the inclusion of part of Chapter 3 on vision, 
which takes the reader through the most elementary psychophysics and description of 
visual illusions before discussing the electrophysiology of the visual system. On the other 
hand, the auditory and somaesthetic systems are not described in any detail and perhaps 
a more general appraisal of the sensory processing mechanisms would have produced a 


more global and relevant approach to the senses for the physiological psychologist. 
ew, it is unfortunate that the final chapter on biochemical 


From a different point of vi L b c r on bi 
methods and learning is not more critical. It is admirable that this subject is introduced 
with some basic biochemical facts about nucleic acids and their synthesis but unfortunate 
that the controversial experiments themselves, which attempt to relate changes in nucleic 
acid synthesis with learning and memory were presented without, what many consider, 
the very necessary caution. 

It is debatable what function a textbook fulfils, 


logy it should be more than a statement of the 
This textbook is presumably aimed at final year undergraduates and postgraduates and 


considering its audience a little more interpretation and synthesis by the author would 
have made the enormous amount of experimental data presented both more palatable 


and exciting. 
Nevertheless, Dr. Grossman has presented 
ive and will be very 


the bibli is extensi s 
The Mak caeci ed nin; and the information is arranged clearly under numerous headings 


i hic work is of a high standard with informative captions. 
reps heading Mar BEES maed only by the failure in the written text to refer 


T i ions is : $ 
P ry mena This is particularly noticeable in Part III of the book, 
which is in many other ways excellent. S. D. IR 


but in a subject like physiological psycho- 
facts from the contributory disciplines. 


a massive amount of material accurately, 
useful to student, lecturer and researcher. 
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PROCEEDINGS OF THE EXPERIMENTAL 
PSYCHOLOGY SOCIETY, 1968 


28th-29th March 1968. Meeting at Cambridge. 

1st Session: “Some experiments on simultaneous translation," by Mr. D. Gerver.t “Delayed 
auditory feedback: a limited capacity model," by Mr. D. Salter.t “Temporal un- 
certainty in choice-reaction experiments," by Dr. D. R. J. Laming. 

2nd Session: “Disorders of visual perception in patients with localized cerebral lesions," 
by Dr. Elizabeth Warrington. “An automated technique for the study of learning 
ability in psychogeriatric patients," by Dr. A. W. H. Buffery, Mr. C. J. Cheney} and 
Dr. J. L. Gedye. “Speech and memory during anaesthetization of one or other 


cerebral hemisphere,” by Dr- Brenda Milner. 

3rd Session: “Maintenance of responding by a fixed 
presentation in squirrel monkeys (Saimiri sciurens)," by Dr. R. G. A. Stretch. “Anew 
theory of visual spatial resolution based on neuro-physiological findings," by Dr. F. W. 
Campbell, Dr. G. F. Coopert and Dr. J. G. Robson.t 

4th Session: “On the measurement of loudness,” by Professor M. Treisman. “The 
invariance of critical bandwidth,” by Dr. M. P. Haggard. “Massed and distributed 
practice—is it a dead issue?” by Dr. A. D. Baddeley and Miss D. J. A. Longman.t 
"Anxiety stress and decrements in skill," by Dr. M. Hammerton. "Interaction of 

verbal instructions and task difficulty in the learning of perceptual-motor skill," by 


Mr. B. R. Gaines.T 


-interval schedule of electric-shock 


16th-17th July 1968. Meeting at Nottingham. 


Ist Session: “Problems of measuring performance in blind mobility," | i 
“The heart-rate of blind and sighted pedestrians on an unfamiliar route, by Mr. R. 
Wycherley} and Miss B. Nicklin.T “Physiological measures of stress, by Dr. M. 

Hammerton. "Baseline determinants of conditioned suppression, comparing two 


research strategies," by Dr. D. E. Blackman. 


? by Dr. J. A. Leonard. 


tations and the structure of verbal problems," by Mr. D. 
eis in right hemisphere lesions," by Dr. Freda Newcombe.T 
» by Dr. J. A. Deutsch. 


rton and Dr. R. G. Crowder.t 


3rd Session: “Pre- al acou c d R 
“Recor iden end caer of choices: A-index and d comparisons, by Professor T 
Bob. “A decision theory approach to signal detection ee application to detection 

latencies: some further developments,” by Dr. G. Wolfendale.T 
Bidwell's disc," by Dr. A. H. 


4th Session: “ i visual stimuli: Benham’s top and : 
[acidic niae on timing in natural speech," by Dr. poe o 
“Speed-error trade-off in serial choice reaction tasks, Eg r. D. Ta e.t ad e ona : 
uncertainty in choice-reaction experiments—2 , by Dr. D.R.J. Temi, oat 

and visual search,” by Professor C. T. Howarth and Mr. J. R. Bloom i Mf x T 
uncertainty in visual detection and recognition, by Dr. M. Matthews] an r. J. 
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of the same college in Cambridge as Sir Frederic Bartlett, 
glad « p unity to join with members of the Experimental 
Psychology Society in honouring him. It would be superfluous for me to speak 
here of Sir Frederic’s academic achievements: so many of our members are 
engaged in research on problems which sprung from his pioneering work, and his 
influence on the development of psychology as a science certainly needs no 
elaboration by me. But I would like to make one personal remark. I suppose all 
younger men feel that there are just a very few members of the preceding generation 
who have achieved a stature which will always be beyond the reach of any of their 
own contemporaries. Sir Frederic has always been one of those for me. I am 
speaking here not only of his academic achievements, but of his kindness as a man; 
and I would like to tell him how much I valued his willingness to share some of the 
benefits of his experience when Iwas blundering about on the borders of his subject. 


As a more junior Fellow 
I am especially glad of this opporti 


Introduction 

Wor k with sub-human species has not played a large part in the discussions of this 
Society. Most of the problems tackled by its members concern people, and can 
best be solved with human subjects. With many problems concerning Remember- 
ing and Thinking, indeed, they can be solved only with human subjects. But in 
Some fields of research a comparative approach can provide perspective to the 
human material, and experimental interference of a type not feasible with human 
Subjects is often revealing. I believe that this may be the case with the control of 
skilled movements. In man, this control involves a number of different principles 
Which it is the psychologist's task to tease apart. Some of these principles are 
exhibited in a more clear-cut form in animals, and it seems at least possible that the 
Psychologist might be helped by an occasional comparative over-view. In this 
Paper, therefore, I shall attempt to sketch some principles which seem to operate in 
the control of movement patterns in animals, and in the development of that 

ively on the work of others, 


Control. In doing so I shall be drawing very extens! i of ot 
Perforce in a rather sketchy fashion: my aim 1s to emphasize the diversity of 
derstanding the control of movements, and 


Principles which must be invoked in un: : 
tudied in sub-human species. We may consider 


to show how these are being S$ a > 
first movement patterns which are already functional, and then their development 


In the individual. 
ivered to the Experimental Psychology Society, 


+ The text of the Sir Frederic Bartlett Lecture deli 


7 January 1969. 
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Movement Patterns of Adult Animals 
It is convenient here to consider successively categories of movement patterns 
differing in the role of feedback in their control. First, some cases in which 
patterned output from the central nervous system does not depend on feedback 
will be described. These will be followed by some cases in which the patterned 
output is modified by feedback from the periphery, and then by some examples 
in which external feedback plays the major role. 


Central patterning 
Even quite complicated movements may be independent of feedback. - The 
swallowing movements of higher mammals are a case in point. Swallowing 1$ 
quite a complicated movement, involving contractions of about 20 muscles 2 
motor neurones scattered from mesencephalic to third cervical levels. Pp 
temporal patterning of the contractions is independent of the means use e 
elicit swallowing—electrical stimulation of the superior laryngeal nerve W! i 
wide range of frequencies, stimulation of the pharynx with a cotton swab, or m e 
injection of water into the mouth. The patterning is thus not imposed by is 
eliciting stimulus, and arises within the mechanism of swallowing. Ther i ve 
considerable evidence that the patterning is not a consequence of proprioceP 
feedback. For instance, if the contraction of one of the muscles is preventec a 
pattern of contraction among the rest is not affected. Also a wide Men 
treatments likely to upset proprioceptive feedback, including strychnine, coc? a 
zation of the pharynx, excision of participating muscles, fixation of the hyoid major 
at an extreme position, and traction on the tongue, all fail to produce any hat 
change in the temporal organization of the movement. It thus seems certa? an 
co-ordination is entirely central (Doty and Bosma, 1956; Doty, Richmond 
Storey, 1967). eri- 
Another example is provided by the vocalizations of adult birds. EXP 


For instance if adult cocks are deafened they still crow and produce o s = 
in the appropriate functional context. Similar results have been obtained e 
the chaffinch (Fringilla coelebs), which has quite a complicated song. Da 
song is fully developed, its performance (including both the character! 


he syn 
although affecting the syllable structure and tonality of the song, does not 4 F 
pattern of phrasing, duration or stability of the songs (Konishi, 1963; Notteb? tbe 
1967, 1968; Konishi and Nottebohm, 1969). While it remains possible tha af 
characteristics of the singing would be affected by distorted feedback, it seori of 
that feedback is not essential for the maintenance of most of the characteris 
normal patterning of the output. 


Interaction between central and peripheral factors 1 of 
While the form of some movements is thus not affected by the remov4 n? 
least the more important sources of feedback, many movements depen 


E: 
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complex interplay between central patterning and proprioceptive feedback. We 
may consider some examples. 

The flying movements of locusts involve alternating up and down movements 
It was earlier thought that the alternation of contractions in the 
e ue to proprioceptive feedback loops, but it 
is now clear that this is not the case. Although the stretch receptor in the hinge 
of the wing does provide a sensory discharge, its removal results only in a slowing 
of the discharge from the thoracic ganglia, and not in a change in its patterning. 
which consists in essence only of the head and ventral 
f wind on the head results in a phasic output from 
the thoracic ganglia similar to, though slower than, that occurring in normal flight. 
Detailed analysis indicates that the flying movements depend on a number of 
central pacemakers, coupled into a dominant frequency which depends on the 
quantity of the input. These may involve excitatory couplings between syner- 
gistic groups of motor neurones, and inhibitory interactions between the anta- 
gonistic groups. The advantages of this system over a chain reflex may lie in 
the possibilities of adjusting wing-beat frequency: at high frequencies the down- 
stroke muscles start to contract before the end of the upstroke, and thus help to 
decelerate it (Wilson, 1961, 1964; Wilson and Wyman, 1965; Weis-Fogh, 1964). 

Although the sensory discharge from the hinge affects the frequency but not 
the patterning of the thoracic discharge, other sensory stimuli can have a profound 


effect. In particular optic input, by which the locust usually maintains its equili- 
the two sides in such a manner that 


brium, affects the relative discharge rate on t 
the Benisty input is balanced [Fig. 1(a), (b)]- å Wilson (1968) therefore describes 
the motor output as depending on an interaction between a centrally determined 
“motor score” and a mechanism correcting deviations from a "sensory template. 

In the swimming of the dogfish, phasic feedback plays a somewhat more comi 
plicated role. In normal swimming, waves of contraction in the body st es 
pass down the length of the body: there is a phase difference between the is si a 
of the body, giving the sinusoidal swimming pattern. -— (194 ‘yd Y 
studying the role of deafferenta found that the irem r eed w 
in partially deafferentated spina! ew dorsal roo 


i feedback was necessary for the maintenance 
intact. He concluded that sensory Shack vro) found that the ar 


tl : . H B 
D VPE d Re pel eec isted even in curarized fish, in which 


output from the spinal motor neurones persi d 
Sensory feedback s presumably absent. However the rhythm was slower an 


less persistent than in normal fish. Furthermore the motor units did not fire 


i rimming, but simul- 
successively down each side of the body, as re Wer 
t at the swimming pa 1 ; 
[visi ad died pem ck from the contracting muscles: 
auto: mi 


al output and feedba ) s: 
in the normal fish the phasic input from swimming overrides the spontaneous outp 
of the motor neurones, entraining 


them to fire at the right frequency and organizing 
i body. 
the longitudi tion of contractions down the 
A S pene Pd governs the locomotor rhythms UE Eod 
(1968) implanted segments of brachial spinal cord into the dors 
mander larvae, sealing them in place 


of the wings. 
elevator and depressor muscles was d 


Indeed in a preparation 
cord, a non-phasic stimulus o 


tion, 
1 fish, provided that a 


with limb grafts. The limbs subsequently 
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Bearing 


$ sec. 


(b) 


d 
an 
FIGURE 1. (a) Apparatus for observations on the rolling behaviour of locusts. E» oE aing 
horizon-simulating section can be rotated as a unit. After the animal is mounted, the k When 
weight is adjusted so that there is no roll torque in any position when the animal is S Us b 
the animal rolls the electrode wires twist about the roll bar, but four to five turns are poss! n, 19 8. 
the wires limit the animal's ability to roll. (Reproduced with permission from lan ' In the 
(b) Discharges to the two hind subalar muscles of a locust with one hind wing removed. ed on 


. "e H ; itchi 
dark (upper records) the discharges to the two sides are similar. When the light is swit scle t? 
(beginning of lower trace), 


: CE u; 
the discharge becomes asymmetrical in such a way that the nA " 
the intact wing is less active than usual. Turning the light out ("Off") results in a retur 
metrical output. (Reproduced with permission from Wilson, 1968.) 


showed spontaneous rhythmic movement 
non-phasic input. Thus co-ordinated m 
trolled by brachial 


, l 
s when the cord segment received pe 
ovements of single limbs could be put: 
segments of spinal cord receiving only non-rhythmic M 
The inter-limb co-ordination involved in the normal diagonal pattern of locomo eri" 
however, seems to require rhythmic input. By means of deafferentation m^ t 
ments Gray and Lissmann (1946a, b) showed that it requires the presence ici 
least one intact Spinal nerve. Their experiments indicated that the ihytio e 
of the input, rather than the total amount, was the crucial issue. Thus al 


: z iphef 
ers the patterning depends on an interaction between central and per!P 
actors. 


- In the first case the timing cues come from the P pe 
phery, though the patternin ponse is determined centrally. ^? as? 
second, the response is initially triggered from the periphery, but then put 2 
consequence of feedback, In the remaining cases the timing cues come +" 
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64 


No rhythmicity Rhythmicity < Central pacemakers —————> 


through 
feedback 
Redrawn from Bullock,I961 


hetical types of nervous mechanisms producing patterned move- 
rom Bullock, 1961.) 

t branching chains in whose junctions integrative properties 
hem to the effectors. The first two are shown with 
makers. The second and third have proprioceptive 
the fourth it influences only the patterning of the 


FiGunE 2. Diagrams of hypot! 
ment. (Reproduced with permission fi 

The three levels of neurones represen 
may alter the actual impulses and deliver tl 
exteroceptors, the others with spontaneous pace: 
feedback acting on the trigger neurone, while in 
response, but not its timing. 


central pacemaker. Feedback from the periphery may affect either the pace- 
maker itself, thereby modifying the temporal characteristics of the rhythm; or 
one of its followers, thereby modifying the form but not the frequency of the rhyth- 
Mic output. In some cases feedback may be absent. It goes without saying 
that Figure 2 represents only hypothetical simplified systems: in practice feed- 
back effects may be positive or negative, come from varied sources, and operate 


at a number of different points in the system. 


Oriented movements 
So far we have been concerned with movements lacking specific orientation 
to the external world. When a movement is oriented in space, continuous feed- 
back is usually involved, though orientation sometimes depends only on ballistic 
flash which is over before 


control: for instance the orientation of a firefly towards a 1 
the orientation movement starts cannot depend on feed-back control. Again, the 


extension of the forelegs of the praying mantis takes place so rapidly that it must 
depend on an open system (Mittelstaedt, 1962). 

Most rei Ee T however, are controlled by feedback. A simple 
and classic case is the optomotor response of a fly placed in the centre of a cylinder 


Painted with vertical stripes [Fig. 3(a), (b)]. Under normal conditions, the a: 
angular velocity is approximately equal to that of the drum at low drum speeds. I 

the fly's body is held still and its walking movements allowed to rotate a turntable 
underneath it, the loop is opened- Under these conditions, the fly turns much 


faster than does the drum (Mittelstaedt, 1964). . 

Now when an insect walks, there is a continuous displacement of the image 
surface of its receptors. We must therefore ask, 
vements, as in the 


9f its surroundings across the > . 

Why does this relative movement not induce d tein mo un. 

O9ptomotor ? The absence of such an effect is not due to a mere bloc 
response! If the head is rotated through 


of the o for the following reason. 
ptomotor reflex, for S n. 
180° about the axis of the neck, so that the positions of the eyes are reversed, the 
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Open loop Closed loop 
(a) 


eo 
[*] 


Open loop 


y (deg ./sec) 


Closed loop 


20 40 60 80 100 120 140 
Z(deg./sec) 


(b) 
Ficure 3. (a) Measurement of the optomotor response of a fly under “open loop" (upPe 
left) and “closed loop" (upper 


l right) conditions, In the former the fly is fastened by its thor 
and the rotatory velocity of a paper disc held by the fly is measured. In the latter the fly mov 
freely on a standin 


" B H s i 8 
g platform and its velocity relative to the ground is measured. In the diagram 
of the control patterns, OPT = afferent causal relation; MOT = efferent causal relation. 


(b) The results of the two experiments. The rotatory velocity (y) of the fly is plotted against 
that of the cylinder (z). (Reproduced with Permission from Mittelstaedt, 1964.) 


fly now moves in the opposite direction to the cylinder. However if such a fly 
starts to move of its own accord while the cylinder is stationary, it spins rapidly 
in small circles until exhausted. On the basis of this and other experiments: 
von Holst and Mittelstaedt (1950; and von Holst, 1954) suggested that such orienta- 
tional movements are the result of a comparison between th 


e actual afferent 
stimulation and that which should have occurred according to the momentary 


motivational situation. The control system must therefore be of the type show? 


in Figure 4. The order to the effectors depends on the difference between ? 
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FIGURE vi 

4. General charact f i i mman input to 

té e ers ot a control system with variabl "he i 

he effectors (EFF) depends on the difference between signals eee (REC) id 
P ani e 


command (COM). 


č a 

E an movement of the image on the receptors and a correlate of the 

ge ee e case e P. optomotor response the command is zero, while 

pce: is reverse the sign of the input from the sense organ is reversed 
at in a self-initiated movement the effectors receive the sum of two inputs 


E than their difference. 
lis Es perceptual side of such a response has been studied in the beetle Chlorophanus 
d assenstein (1959, 1961; Hassenstein and Reichardt, 1959), who used a wide 
one of stripe patterns to elicit it. In order to account for the data they 

posed a model in which signals from neighbouring ommatidia are transmitted 


LÍ parallel flters with short and long resonance times, and then via multi- 
plication units to the effectors (Fig. 5). Response thus depends on the signal 


Mobile pattern 


Receptor elements which are sensitive to light. 


Transformation according to an ordinary linear 


differential equation , time constant 0-03 sec. 


Transformation according to a partial differential equation. 


Transformation according to an ordinary linear 


differential equation , time constant 1-6 sec. 


Multiplication, taking account of sign. 


Integrator with a long time constant. 


urning reaction of the 
leased by positive values. 


{= Direction of the t 
) (G | ) animal which is re! 


Vector summation. 


Ficure s. Scheme of mechanisms involved in the control of the optomotor respons 


h 
lorophanus, (From Hassenstein, 1961. 


e in 
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from one ommatidium reaching the multiplication unit before the signal from a 
nearby previously stimulated ommatidium has decreased to zero, giving a non- 
zero product. . 
Returning to the motor side, more complex problems arise when we consider 
not the orientation of the body as a whole, but that of mobile appendages. We 
may consider just one example. 'The strike of the praying mantis depends 
overall, as we have seen, on an open system. However the head is mobile on the 
thorax, and thus the deviation of the strike from the thorax, which carries the 


legs, must be controlled with respect to the optic axis.  Mittelstaedt considered 
three possible control mechanisms (Fig. 6). 


(1) The head position is measured proprioceptively and added to the optic 
information, so that the forelegs strike appropriately. 


Organism 
LLL 


Environment 


Organism 
LLL 


Evironment 


Organism 


[PPP 


Environment 
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This possibility i 
y is ruled out because, if the head i 
ike qui l b e head is fixed 10 t P i 
made n THISSES the prey to the opposite side. It thus behav endl T 
coeur A ves as if it did not 
(2) A copy of the input of th i 
ia Fas. pollui put of the system controlling head orientation is added 
(3) The optic output i ively i 
) > put is fed back negatively into the syst i 
pe a so that the head turns towards the prey. are e z ca 
of this optic loop then determines the direction of strike. ag 


Since the mantid does fixate its prey before striking, the last hypothesis is the 


most li i 
t likely. However this can not be the whole story, for unilateral deafferenta- 
results in an error in striking to the opposite side: 


th . 
SE must therefo Such animals show a permanent 
eviation, and this is presumably responsible for the error. Thus s 


muscles and proprioceptors form a loop within the optic loop (Fig. 7). On this 


rn of EFF (see 


The control patte 
(Reproduced 


rmined by the order v. 


alization in Mantis. 


ae 7. Control pattern of prey loc 
with ) is a loop which turns the head into 
permission from Mittelstaedt, 1962.) 


the position dete! 


d according to the information 
r is balanced by 
The same optic 
from the body's 


ck muscles is adjuste 
Movement ceases when this orde 


tors indicating the head position. 
mine the deviation of the forelegs 


View the contraction of the ne 
E by the optic loop. 
: ormation from propriocep 
utput is then used to deter 
axis (Mittelstaedt, 1960, 1962). 
& The few studies just cited il 
eld. The work of Horridge and 


i 3 s E 
n the crab Carcinus provides elegant exam 
Horridge and Burrows, 


"i of approach (Horridge, 1966; f ! 
andeman, 1964). That similar methods are fertile also with 
brates is illustrated by the work of Mittelstaedt (1964 and by stu 
in this paper. 

Thus with certain exceptions, feedback plays an essential 
ein crude movements of lower animals. In higher animals, 
S tion (Gorska and Jankowska 1961) and even the acquisition 

erman, 1965; Taub, Ellman and Berman, 1966) of simple move 


s in progress in this 
e control of eye-movements 


role even in these 
although the elici- 
(Taub, Bacon and 
ments can occur 
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when the limb is deafferentated, feedback usually plays a vital role. Indeed the 
skilled movements of human subjects probably depend on series of hierarchically 
organized closed loop systems (e.g. Welford, 1968), with continuous monitoring 
of the state of muscular contraction (Matthews, 1964) playing an important role. 


Development of Movement Patterns 


That even species-characteristic movements may have a long developmental 
history is shown, for instance, by Bernstein’s (1967) careful descriptions of the 
changes in walking with age. Such changes suggest that a number of different 
processes may be involved in the development of the adult pattern. 


Development independent of “practice” 


In the first place, in lower vertebrates the precision of some quite complicated 
and finely adjusted movements may be independent of experience. Though 
now classic, Sperry’s (eg. 1950, 1951) experiments on visuomotor co-ordination 
in amphibians must be mentioned here. Some were concerned with the way 1n 
which the retina becomes connected in an orderly manner with the visual regions of 
the brain. To assess this, Sperry used both the optomotor and prey-catching 
responses. If the eyeball is rotated in its orbit, these responses are, as would be 
expected, reversed. If the optic nerve is severed and then allowed to regenerate to 
the rotated eyeball, the responses are still reversed. Thus although the axons are 
tangled in an apparently random fashion in the scar region, the anatomically 
correct connections must have been re-established, even though, owing to the 
rotation of the orbit, they are functionally incorrect. On the basis of this and other 


Correct nervous connections may be ind 


'This must apply not only to the lowe 


r vertebrates but also to higher mammals 
and to man, 


Role of reafference 


E saw earlier that even relatively simple organisms behave differently to 
relative movement of the environment caused by movement of their own bodies 


d change in stimulation (which may, of course, be 
ding on the results of the comparison. This was 


Any command to the eye muscles is accom- 
1s compared with the change in stimulation 
A change in sensory input produced by 8? 
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Efferent 
signal pui 


(a) 


I 
Isignol 
Corollary discharge I 


Efferent Perception 


signal 


(b) 


Correlation 
storage 


---4--— 


f 
H External 
| 


ception. (Redrawn with 
e ts and perception required 
disarrangement and deprivation. 


ations between eye-movements and pe 
(b) Relations between eye-movemen! 


ea 8. (a) Basic rel 
ee ssion from Teuber, 1961.) : 
(Re count for consequences of experime 

produced with permission from Hein an 


ntal rearrangement, 
d Held, 1962.) 


external change is not accompanied by a corollary discharge and so is registered 
In perception as due to movement in the external world. If, however, the change 
in stimulus input is a result of voluntary movement of the eyeball, its consequences 
are cancelled by the corollary discharge, and no movement of the external world 


is perceived. 
But this poses a developmental problem. How does the corollary discharge 
mand to, say, move the eyes 10° 


from the efferent system resulting from a com : 
a shift of 10° of the image on the retina, 


to the right, and the reafference from 

Come exactly to balance each other? Is the coding of the messages determined 

by the growth processes of the organism, or is it a result of experience? Held, 

Hein and their collaborators, following up the work of earlier investigators, 
Jations are established as a 


have shown that in man and higher mammals such corre i í 
result of experience during self-initiated movements. Jf the visuomotor relations 


are re-arranged, as for instance when the subject wears prismatic spectacles, 
readjustment is possible if the subject is allowed to move about, but not if similar 
movements are induced passively. The readjustment depends on Compa 
between intended movements and the reafferent stimulation: since the prisms 
Produce a regular displacement of the image, this can be “allowed for" and visuo- 
Motor co-ordination restorec- Hein and Held (¢-8- Held, 1967) th erefore suggest 
the addition, to the von Holst/Mittelstaedt model, of a “correlation storage unit” 
Where teanés of previous co mbinations of concurrent efferent and reafferent signals 

f a command to the efferent 


are retained [Fig. (8b)]. The correlated discharge © 
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bination will be available in the Store. Since readjustment occurs, selection is 
presumably weighted by how recently the combinations were stored. With 


dictable, as for instance with a prism which changes continuously in power, no 
rearrangement is possible, 


al cliff, or for extension of the paws as they pios 
lowered Passively towards a solid surface, the active kittens were uniformly 


other during passive, Furthermore kittens raised without sight of their fore- 
limbs, but able to engage in self-initiated locomotion, did extend their paws when 
lowered towards a horizontal surface, but were unable to guide their paws towards 
the solid parts of an interrupted surface [Fig. 9(a), (b). Thus the ability to 


(b) 


p d 
Prevents sight of fore-feet. (b) Kitten being t 
(Reproduced with Permission from Hein and Held» 


ards a visible t. 


orient the paw tow; 

Systems not necessary fi nsion iri ision 
> response, and apparently requiring vi 

of the paw during self-initi ae Pp zad E imi 
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conditions in which they could not see their arms. Such data suggest that move- 
ments oriented with respect to the environment depend on a number of interacting 
systems, developing with some degree of independence, and perhaps organized 
hierarchically. 

'That similar effects occur in lower vertebrates is suggested by experiments 
involving orientation in space after unilateral blinding or labyrinthectomy in 
amphibians. For instance Jahn (1960) has shown that certain frogs regain a 
ays after unilateral blinding and about 3 months 

That the compensation involves the re-setting 
of a control system is indicated by the finding that temporary blinding is followed 
by asymmetry in the opposite direction when sight is restored. That it depends on 
input through the intact organ is shown by the effect of the light period on recovery: 
after unilateral blinding normal compensation occurs with 30 min. of light per day, 


but with shorter periods of light, recovery is retarded. 


symmetrical posture in about 1o d: 
after unilateral labyrinthectomy. 


Role of conditioning 
So far, in considering the development of movement patterns, we have seen that 


although in some cases precise orientation with respect to the environment can be 
determined almost entirely by maturational processes within the central nervous 
ience during active movements. We 


system, it usually depends also on experienc tiv n 
shall now consider two further cases which illustrate additional ways in which 
experience may affect movement patterns. : e 1 
The first concerns the licking behaviour of rats and illustrates the manner in 
which classical and operant principles may 


of response patterning. When given a water-spout, ta; \ rhyt 
he response of licking is elicited by a fairly specific stimulus situation, and each 


drop of fluid elicits a rhythmic burst of licks whose number increases hae ero 
of the drop. These facts, together with the finding that es: can i c milly 
conditioned, suggests that licking can be regarded as a rapon acak y p 
the overall licking rate (including both the number of bursts an: Ee p SE 
them) is affected by deprivation, fe saa f cipe Rn ; - S wi 
rel is characteristic of drink a j 

ihid ron VEN bias tube, behaves like a conventional operant response. 


Although some anomalies remain (e.g. overall licking rate decreases with EAR 
in the E of an FR schedule), it is clear that some insight into the contr 


licking can be gained by regarding it as involving priciples of both classical and 
E :tioning (Hulse, 1967)- ^c : : 
"This cata ead tuba m the distinction between data su Eoo 
iti i :on of response measures W. 

conditioning depends in part of the selection of r p -r duce Hoa 


i of nat 
With one paradigm or the other: in the ei Taen cie n 
ment patterns both are closely interwoven. Wherea: 


initi i i and operant 
of operant conditioning there is no initial relation between cue stimulus p 


i :nitial relationship between an eliciting 
response, in nature there !$ often an int T sra erii iP ee 
sti .g. Thorpe, 1963). For instance, yo" i 
birds = F tie sapoe e objects which contrast with E lir inii 
ellan oh pecking THR not lead immediately to the ingestion of edible objects, 


be interwoven in the modification 
t, rats lick in rhythmic bursts. 
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i i i its discrimi- 
continues for a while. This is functionally T es -e : ai raat 
inedi j milar 
i i d inedible objects to deve op. Si 
nation between edible an ' 
apply at many stages in the development of complex ast Tee 
PE he second case of the role of learning in the development E fa Sp e me 
istic movement pattern concerns song-learning in ee vm dod apa: 
d it does not involve ori : 
rm of motor skill, even though it j enel 
DE and it is one in which the form of the movement Vx i Hee 
traced by the use of sound Spectrographic techniques. The ee cee iih 
concern song-birds whose species-song is dependent on pee ean Mn 
will not learn to imitate any song that they hear. One of the bes 


iti horpe, 
is the chaffinch (Fringilla coelebs), and the initial facts are as follows (T. 
1961; Fig. 1o). 


Reared Cage conditions Exposure to normal song Song 
ld Normal 
Wi p" 
te 
Hand-reared Isolation " Isola 
from 8 days 
Group Group isolate 
Hand-reared Group * 
from 8 days 
al 
Hand -reared Isolation - Ttor — Nearly norm 
from 8 days 
arly normal 
Wild Isolation Nearly 
Group mal 
Wild Group Nori 


10 
Age (months) 


e, 
i m Thorp 
FIGURE ro, Effect of experience on song development in the chaffinch. (Data fro 

1961) Line indicates exposure 


Group 
to song in natural conditions (unlabelled), song from 
companions, or song Tutor, 


testosterone from the developing gonads when the birds are about 10 to 1? 
months old, 
(ii) Individuals hand- 
simple form of the 
(iii) Chaffinches hand- 


et ly 4 
reared in isolation from other individuals ans only 
song which is not divided into phrases [Fig. r1(b)]. 


: : this indicates 
within groups, but differ between groups: this in 
that learning occurs within each group. 
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(a) 


i ` ' 


SERIE iii^ Y i li rum 


ol 
oe to 15 20 25 


Frequency (kc/s) 
ES 


Frequency (kc/s) 


Frequency (kc/s) 


9 0:5 r5 20 25 


Time ( sec.) 


(b) Song of bird 


(a) Wild-type songs. 
(Reproduced with 


ms of chaffinch song. 
uditory isolation. 


Ficure 11. Sound spectrogra 
d kept subsequently in a 


hand-reared from 6 to 8 days an 
Permission from Thorpe, 1961)- 
these birds and those hand-reared from an early age [(i) above] indicates 
an effect of experience during the first few months of life, long before the 
birds themselves begin to sing: 
(v) Chaffinches caught in their first autumn and kept subsequently in groups 
develop songs just like those of wild birds. The difference between these 
birds and the autumn-caught isolates [(iv) above] indicates the importance of 
experience during the period of song development: this probably occurs in 


the course of countersinging- 
(vi) Hand-reared isolates, exposed to tape recordings of chaffinch song during 
their first autumn and winter, subsequently produce near-normal songs. 


Such birds will not learn anything which is played to them. A chaffinch 
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: c ü 
song played backwards, or with the end in the middle, is "p pe 
artificial chaffinch song with notes of pure tonal quality is no A aera 
tange of sounds in the subsong shows that the restriction in w Y cien 
learn is not a matter of the range of sounds which the bird's mes ee 
produce: Thorpe suggested that the criterion may be a resemblan 
structure to normal chaffinch song. 


(vii) Chaffinches isolated only from their first autumn are more oe d 
what they learn when tutored. They will not learn reversed or S mag 
song, but are affected by hearing normal chaffinch song. The rin dud 
tivity of these birds, as compared with the hand-reared isolates, mus 
experience before they themselves started to sing. 


(viii) Once a chaffinch has acquired its repertoire of songs in its first bree 
season, little further change takes place. 


, iods 
These results indicate that song development depends on experience mee! LR ib 
of the life history—early on, before the bird itself has Started to sing; an 


predictions would follow from this: 


; ted 
(1) deafening the bird after it had experienced song, but before It ni 
to sing itself, would make it impossible for the bird to monitor its own 
put and thus would nullify the effects of the early experience; 


(2) since reinforcers are usually effective for a wide Variety of responses, 


: : n wi other 
reinforcing effects of hearing song on singing should also operate for 
responses. 


unaltered. The effects of deafe 
time of the o i 


effects. Individuals deafened at about 1o 


These experiments thus showed 


; the 
that the effects of deafening depend on 
stage of vocal development at whi 


: rong 
ch the operation occurs: there was also st 
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evidence that sound 
patterns developed before the 1 i 
$ t : e loss of hearing may bei - 
x ates ina modified form, into the full song. Song i rmm 
8 "s integrative process, intimately bound up with the devel 3 at atis 
mem (Nottebohm, 1967). abdo as 
e second prediction was that son| h 
g should serve as a reinfi 
He scd iege (1967, 1969) tested this with Pee eee ae 
i our transverse perches. The two end- i 
our perche - 
Demande which in turn operated counters: in addition, that mekana i 
: E e less preferred during preceding preliminary observations could pori 
LM which played a single chaffinch song. Distribution of perchin: 
z £a the two end-perches during stimulus conditions in which every fifth sd 
ixth response to one of the end-perches did produce song, was compared with 


that during control conditions when perching was simply recorded. A reinforcing 


eff pe à i 
ect of song would be indicated by an increase 1n the proportion of responses 


t d : à ns 
o the active perch during the stimulus conditions. 


Autumn — caught Hand - reared 
LÀ 
LJ 
9 
70 e. . 
2 e. e 
3 e 
5 3 . o 
v 
E j 8 
= 
eile ° He - 
à. 50) Po- a- Y- Bg 
ls] o 
o o 
o o oo 
o 
LJ 
Lanm tue 
t t no t. t no t. 


Noise Song 


or normal adult song for first- 
l, and filled circles indicate a 
Birds were either 
(Reproduced with 


ct of white noise 
different individua 
test, P<0'05, one-tailed). 
ted with testosterone. 


B ees 12. A measure of the reinforcing effe 
a ar male chaffinches. Each point represents à 
E gnificant difference from chance performance (sign- 

utumn-caught or hand-reared, and injected or not injec! 
Permission from Stevenson, 1969.) 

As shown in Figure 12, song was found to be a reinforcer for autumn-caught 
chaffinches treated with testosterone. A burst of white noise of similar duration 
and intensity did not show reinforcing properties. Furthermore, none of the eight 

d tested without 


chaffinches hand-reared in isolation from chaffinch song an 
testosterone treatment behaved as though song were a reinforcer. Both hand- 
ht non-injected, groups showed 


utumn-caug 
e conditions upon 
d testosterone— 


which normal song devel- 


reared testosterone-treated, and a 
also appear to affect the 


pico ici results. ‘Thus two of th 
pment depends—experience of song an 


rei : å 
inforcing effectiveness of song: 


One way of relating all these findings is to suppose that song development 
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involves a “model” or “template” which is influenced by experience—particularly 
experience of the species-characteristic vocalizations. Sounds which approxi- 
mate to this model are reinforcing and modify the template. Of course the 
postulation of a model is merely a device for tying together the experimental data: 
the corresponding physiolgocial reality is quite another issue. However it "e 
permits us to relate song development to certain data concerning the elicitation 9 
song in the adult: that Song-type which is most frequent in each individual's 
repertoire is also the most effective in eliciting song from that individual. This 
suggests that sound patterns which approximate to the model are both reinforcing 
and effective in eliciting song (Hinde, 1958). 3 
Studies of other passerine Species have shown that song-learning occurs in a 
basically similar way in a number of other species, though in each the process has 
its own peculiarities (see e.g. reviews by Konishi and Nottebohm, 1969; Immelmann 
1969) For instance, while in the chaffinch the restriction on the sounds which 


to imitate the song the father sings. Thus bullfinches (Pyrrhula pyrrhula) reared 
by canaries develop a canary-like song even if bullfinches are singing in the same 
room (Nicolai, 1959; see also Immelmann, 1969). 

Species differences are found also in the nature of the sensitive period for song 
learning. In the chaffinch, song learning comes to an end when full song 


develops in the first breeding season. A chaffinch, castrated before coming into 
Song, retained the ability to learn a n 


The role of Sroup-rearing also raises some interesting problems. Grouping 
of hand-raised chaffinche eads to the production of more elaborate song patter? 
than are produced by isolated individuals. No such effect occurs in white-crowne 
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Reared Exposure to song Local dialect 
Wild ee Y 
es 
una pm Then isolated T 
es 
Hand - reared No 
Tutor 
8min./d 
Hand - reared e " Yes 
No 


Hand - reared Tutor 


Hand - reared 


Age (days) 


nce on development of 


$ Ficure 13. Effect of experie 
rom Marler, 1967.) Straight an 


sparrows (Marler and Tamura, 1964), but gr 
Phaenotus) produce more co 
Such data suggest that stimu 
group situation leads to greater 5 
emphasizes the need for 
in nature has a simpler song t 
if reared in isolation than it does in nature. 

likely to produce near-normal songs than 
Serves to bring the course of development 
to produce further elaboration (Marler, 1967 

Song-learning is also of interest in connec 
learning. We have seen that, 
Some learning takes place when the b 
sing. In that this learning does not inv 
Subsequently revealed, parallels can b 
(e.g. Gibson, Walk and Tighe, 1959); 
1959; Mackintosh, 1964) and latent lea 
1954; Thistlethwaite, 1951-) I 
Which, though lacking orientation 
skills in that its acquisition involve 
to carry it out, and that, althoug 
1s possible. 

In conclusion, there is 0 
and/or any other of the examp 
particular patterns of movement in man. 
other animals may permit isolation of some o 
the complex movement patterns found in man. 


J. 


olve the 


rning 


f course no sugges 
les cited, and 


d wavy lines indicate differ 


mplex syllables an 
lation received in the 
'improvization. 
caution here: the Oregon jun 


han the Arizona junco, pro 
Individuals rea 


are isolates: mut 
back to a normal p 


tion wi 
in both chaffinches a 
ird is quite young, 


e found in studies of pe 
discrimination learning (e.g. 


t will be apparent 
to the environmen 


s learning both 
h the two processe 
tion O 
the control or develo 


It is sugg 
f the processes which int 


—Yes f No 
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song of white-crowned sparrow. (Data 
ent dialects. 


oup-reared Arizona juncos (Junco 
d larger repertoires than isolates. 
course of counter-singing in the 
However comparative evidence 
co (Junco oreganus), which 
duces more complex songs 
red in groups are more 
ual stimulation thus 
athway, rather than 


» 


th the role of performance in 
nd white-crowned sparrows, 
long before it starts to 
y which its occurrence is 
rceptual learning 
Sutherland, 
g- MacCorquodale and Meehl, 
that bird song involves a skill 
t, resembles many human 
f the task and how 
ble separation 


response b 


(e. 


the nature 0 
interact, consideral 
f a close parallel between this 
pment of any 
that study of 


ested, however, 
eract to give 


124 R. A. HINDE 


References 


BernsTEIN, N. (1967). The Co-ordination and Regulation of Movements. London 
Pergamon Press. n" 
Buttock, T. H. (1961). The origins of patterned nervous discharge. Behaviour, 17, 
ud R W. and Bosma, J. F. (1956). An electromyographic analysis of reflex deglu- 
tition. J. Neurophysiol. I9, 44-60. 3 
Dorv, R. W., Ricumonp, W. H. and Storey, A. T. (1967). Effect of medullary lesions 

on co-ordination of deglutition, Exp. Neurol. 17, 91-106. -— f 
Gipson, E. J. Wark, R. D. and TiGHE, T. J. (1959). Enhancement and deprivation © 
visual stimulation during rearing as factors in visual discrimination learning. 

comp. physiol. Psychol, 52, 74-81. 1 

Gorska, T. and Jankowska, E. (1961). The effect of deafferentation on instrumenta 
(Type II) conditioned reflexes in dogs. Acta Biol. exp., Vars. 21, 219-34. 

Gray, J. and Lissmann, H. W, (19464). Further observations on the effect of deafferenta- 
tion on the locomotory activity of amphibian limbs. ¥. exp. Biol. 23, 121-32. h 

Gray, J. and Lissmann, H. W. (19465). The co-ordination of limb movements in the 
amphibia. Ī. exp. Biol. 23, 133-42. 

HASSENSTEIN, B, (1959). Optokinetische Wirksamkeit bewegter periodischer Muster. 
Z. Naturf. x4, 659-74. 

HASSENSTEIN, B. (1961). 
207-14. 


HASSENSTEIN, B. and Reicuarpt, W. (1959). Wie sehen Insekten Bewegungen? | Umschati, 
I0, 302-5. 


Het, A. and Hzrp, R. (1962). A neural model for labile sensori-motor co-ordinations- 
In Biological Prototypes and Synthetic Systems. I. New York: Plenum Press. di 
Hein, A. and Hzrp, R. (1967). Dissociation of the visual placing response into elicited an 
guided components. Science, N.Y. 158, 390-2. d 
Hzrp, R. (1961). Exposure-history as a factor in maintaining stability of perception an 
Co-ordination, J. nerv. ment. Dis. 132, 26-32. icted 
Visually guided reaching in infant monkeys after restrict 
Fearing. Science, N.Y. 155, 718-20. f 
» A. (1963). Movement-produced stimulation in the development 9 
J. comp. physiol, Ps chol. 56, 872-6. 
INDE, R. A. (1958), Alternative ee KGa A ulis song. Anim. Behav. 6 


Hinor, R. A. Ed, (1969). Bird Vocalizations in Relation to Current Problems in Biology 
ü and Psychology. Cambridge University Press. 

ORRIDGE, G. A, (1966). Study of a System, as illustrated by the optokinetic response 

Symp. Soc. exp. Biol. 20, 179-98. t 

ws, M. (1968). Efferent copy and voluntary eye cup movemen 
J. exp. Biol. 49, 315-24. 


. s 
-and SANDEMAN, D, C. (1964). Nervous control of optokinetic response 


. " 8, 
Wie sehen Insekten Bewegungen?. Naturwissenschaften, 4° 


s j 
5 chtsregelung und zentrale Kompensation rs 
imn €sondere bei der Erdkrote (Bufo bufo L.). Z. vergl. Physiol. 
Konrsur, M. (1963). 'Th 


de 
ij Ms e role of auditory feedback in the vocal behaviour of the domes 


L. 20, 349-67, 


CONTROL OF MOVEMENT PATTERNS IN ANIMALS 125 


KONISHI, M. and NorreBomm, F. (1969). Experimental studies in the ontogeny of avian 
vocalizations. In Hæ, R. A. (Ed.), Bird Vocalizations in Relation to Current 


Problems in Biology and Psychology. Cambridge University Press. 
LissMANN, H. W. (1946a). The neurological basis of the locomotory rhythm in the spinal 
dogfish (Scyllium canicula, Acanthias vulgaris). I. Reflex behaviour. J. exp. 


Biol. 23, 143-61. 
LissMANN, H. W. (19465). The neurological basis of the locomotory rhythm in the spinal 
dogfish (Scyllium canicula, Acanthias vulgaris). II. The effect of deafferentation. 


3. exp. Biol. 23, 162-76. 
MacConovoparg, K. and MEEHL, 
(Ed.), Modern Learning Theory. 
Mackintosh, N. J. (1964). Selective attention in anim 
Bull. 64, 124-50. 
Marter, P. (1967). Comparative study 
Int. Ornith. Cong. Oxford, 231744- 
Manrzn, P. and Tamura, M. (1964). 
in sparrows. Science, N. Y. 146, 1483-6. 
Matruews, P. B. C. (1964). Muscle spindles and their motor control. Physiol. Rev, 
44, 219-88. 
MirTELsTAEDT, H. (1960). 
Cong. on Group Processes. 
MirTELSTAEDT, H. (1962). Con: 


P. E. (1934). Edward C. Tolman. In Estes et al. 
New York: Appleton-Century-Crofts. 
al discrimination learning. Psychol. 


of song development in sparrows. Proc. 14th 


Oxford: Blackwell. 
Culturally transmitted patterns of vocal behaviour 


The analysis of behaviour in terms of control systems. 5th 


New York: Josiah Macy. 


trol systems of orientation in insects. Ann. Rev. Entomol. 


7, 177-98. 
MirrELsTAEDT, H. (1964). Basic control patterns of orientational homeostasis. Symp. 
Soc. exp. Biol. 18, 365-86. 
r Gesangsentwicklung des Gimpels (Pyrrhula 


NicoLa,]. (1959). Familientradition in de 
pyrrhula L.) F. Ornith. 100, 39-46. 
The role of sensory feedback in the development of avian vocali- 
Oxford: Blackwell. 


Norresoum, F. (1967). 
zations. Proc. 14th Int. Ornith. Cong. Oxford, pP- 265-80. 
song development in the chaffinch 


Nortresonm, F. (1968). 
(Fringilla coelebs). Ibis, xxo, 549-68. 
Ronznrs, B. L. (1969). Spontaneous rhythms in the motoneurons of S 
). J. mar. biol. Ass. In press. 
Sperry, R. W. (1950). Neural basis of the spontaneous optokinetic res] 
visual inversion. 0; iol. Psychol. 43» 482-9. 
Sperry, R. W. (1951). f neural maturation. 
Handbook of Experimen 
Srevenson, J. G. (1967). 
S Taf des inf In HINDE 
TEvENsoN, J. G. (1969). Song as a reinforcer. 4 
zations in Relations to Current Problems in Biology and P: sychology 
PE oo 8. (1959) In Proc. Sym. Mechaniza- 
tion of Thought Processes, 


Szixety, G. (1968). Developme i. 
i LSTENHOLME, 

model studies. In Wo London: M. Churchill. 
n of a trace-conditioned 


- of the Nervous System. A. J. (196 3) Acquisitio 
AUB, E. . C. and BERMAN, ^.^ rad ing li i 
E Sinem after deafferentation of the responding limb. J. comp. Bras 
Psychol. 59, 275-9- i 
Tavs, E., TUA, S. J. and BERMAN, A. J. (1966). Deafferentatio: 
on conditioned grasp response. Science, N.Y. 151, 59374- 


Auditory experience and 
pinal dogfish 


ponse produced by 


In STEVENS, S. S. (Ed.), 


effects of chaffinch song. Anim. Behav. 15, 


R. A. (Ed.), Bird Vocali- 
. Cambridge Univer- 


Reinforcing 


ing mechanisms. à 
. 575-609- London: H.M.S.O. m 
ey ments: embryological, physiological and 
,M. (Eds.), Growth 


n in monkeys: effect 


126 R. A. HINDE 


"TEuBER, H. L. (1961). Sensory deprivation, sensory suppression and agnosia: notes for a 
neurologic theory. F. nerv. ment. Dis. I32, 32-40. : 

THISTLETHWAaITE, D. (1951). A critical review of latent learning and related experiments. 
Psychol. Bull. 48, 97-129. 

THORPE, W. H. (1961). Bird-song. Cambridge University Press. 

'lTHonPE, W. H. (1963). Learning and Instinct in Animals (rst Ed, 1956). London: 
Methuen. 


Wzis-FocH, T. (1964). Control of basic movements in flying insects. Symp. Soc. exp. 
Biol. 18, 343-61. 

von Horsr, E. (1954). Relations between the central nervous system and the peripheral 
organs. Br. J. Anim. Behav. 2, 89-94. " 

voN Horsr, E. and MirrELSTAEDT, H. (1950). Das Reafferenzprinzip. Naturqwissen- 
schaften, 37, 464—76. 

WELFORD, A. T. (1968). Fundamentals of Skill. London: Methuen. " 

ine “5 D. M. (1961). 'The central nervous control of flight in a locust. J. exp. Biol. 
39, 471-90. 

Wuson, D. M. (1964). Relative refractoriness and patterned discharge of locust flight 
motor neurones, 7, exp. Biol. 4x, 191-205. : 

Witson, D. M. (1968). Inherent asymmetry and reflex modulation of the locust flight 
Pattern. J. exp. Bio], 48, 631-41. d 

Wirsow, D. M. and Wyman, R. J. (1965). Motor output patterns during random an 
thythmic stimulation of locust thoracic ganglia. Biophys. J. 5, 121-43. 


; G. E. W. and O’Connor, M. (Eds. 68). Growth the Nervous 
System. London: Churchill. dil TON Ur 


Q. Jl exp. Psychol. (1969) 2x, 127-133 


ARE THRESHOLDS REDUCED BY 
ILLUSIONS? 
AN ATTEMPT AT REPLICATION 


L, L. G. STANDING} AND HARRIET THIO 


P. C. DODWEL 
Queen's University, Kingston, Ontario 


Department of Psychology, 


Three experiments are reported, which are attempts to replicate the finding 
ce thresholds for weights can be lowered 


of Ross and Gregory (1964) that differen: 
Three different procedures were used, 


by means of the size-weight illusion. 
d to show whether or not changes in a 
for apparent changes in sensitivity. 


the first one (experiment I) being designe 
subject's judgement criteri 
ication of Ross and Gregory’s first 
procedure, in which the stan d before the comparison. In 
Experiments I and II a larger illusion was induced than in the original studies, 
but in Experiment III both the weights ractically identical 
to those used by Ross and Gregory. The procedure was also the same as their 
dard and comparison were 


most successful procedure (number 3)in which stan 
judged simultaneously. The findings were uniformly negative: there was no 


evidence of criterion shift when the size-weight illusion was induced nor did we 
find the lowering of threshold previously reported. 


Introduction 


Ross and Gregory (1964) report that sensitivity for weig 
increased simply by altering the phenomenal weights of obje 
ared differential thresholds 


size-weight illusion. They comp 
when judgements were 


method for a standard weight of 200 g. (a) made using 
35 mm. film tins (13 in. X 1$ in), and (b) when judgements were made using 


Nescafé tins (3 in. X 3 in) With their most successful procedure, when standard 

and comparison weights were judged simultaneously, they found a reliable decrease 
in the difference threshold under (b) the phenomenally lighter set. 

This finding, as the authors themselves point out, is quite surprising. For 

d as defining the upper limits 


a hundred years or so thresholds have been regarde i per lin 
of sensitivity, limits whi e exceeded by experimental manipulation. 


ht differences can be 
cts by means of the 
by the frequency 


Tanner and Birdsall, 


Although the advent of the theory of sig 
1961) cast doubt on the concept of threshold, probably most psychologists sub- 
scribe to the view that the upper limit of s by inherent factors 
in the organism, such as neural “noise.” It therefore seems paradoxical that 
sensitivity might be inc ] factor, particularly if this in- 

Moreover 


reased by an experimenta r, particu 
volves stimulation of a different modality as in the size-weight illusion. 
there is a logical puzzle inv unt for greater 


olved in appealing to Weber's law to acco 


Rochester, Rochester, N.Y., U.S.A. 


+ Present address: University of 
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differential sensitivity to apparently lighter objects, as Ross and Gregory do. E 
the mechanism which increases sensitivity really is reduction of the Led 
magnitude of the standard weight, the same factor will also presumably e ae 
the phenomenal magnitude of the comparison weight increment which is Mts 
detected, thus cancelling out rather precisely the postulated increase in Sent red 
if Weber's law holds. Finally, Cornsweet and Teller (1965) have shown i 
increment thresholds for luminance are unaffected by changes in the Pra 
brightness of the background field, but depend only on its luminance. ede 
have a situation where the physical parameters of the stimulus display a lity 
determine the detectability of stimulus change, although within a single moda 
and in a very different situation. 

The effect of apparent weight on sensitivity clearly merits further a 
particularly since Ross and Gregory’s results were not clear cut. They oe 
one reliable result, one which is somewhat marginal, and one which is non-sig 


. " . : ‘ but 
ficant, on the basis of three different experiments using the same weights 
slightly different procedures. 


of weight differences represents 
on whether, and to what extent, 
also changes. 


; l ates. In the second experiment their first Poe 
cedure (which j ignificant result) was closely followed, and In d 
uccessful procedure was fully replicated. 


Experiment I 
Method E 
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magnitudes of weight increment). The experimental task involved the forced-response 
discrimination between presence or absence of a weight difference when a test stimulus 
and the 200 g. standard stimulus were lifted simultaneously by the subject. On so per cent 


of the trials, chosen randomly, the test stimulus also weighed 200 g. Twenty trials (in- 


cluding the blank trials) were given for each of the 6 weight increments (or decrements) 
before the next largest increment or decrement was employed. Thus, each subject re- 


ceived 120 trials. 
Before being tested, the subject was told that there would be a weight difference between 
the two stimuli on only 50 per cent of the trials; he was also told whether the test stimulus 
there was a difference. The subject 


would be heavier or lighter than the standard when 
was instructed always to lift the two stimuli simultaneously (by far the most reliable of Ross 
ifting the weights), one with each thumb and forefinger, 


and Gregory's three procedures for lifting h 
and to lift the standard stimulus with the right hand. The subject was required to respond 
»|'*lighter." The subject was also required 


on all trials, and responded “same” or “heavier : va 
to give a confidence rating on each trial, from 1 (least confident of his decision) to 5 (most 


confident). Feedback was provided after each trial by the experimenter saying “correct” 


r “incorrect.” . . 
A. demonstration of each weight increment, and of a blank trial, were given before the 
block of 20 trials on which that increment Was employed. 


Results 


The results definitely do not show any superior discrimination of weight by 


the subjects tested with the large (and thus phenomenally lightened) cylinders, 
ber of correct discriminations by all subjects under this con- 
n for the subjects receiving the small (and phenomenally 
i: 2659 as compared with 2698 correct responses. An analysis 
Its to determine the effects on the probability 


of variance was per nis the 
agnitude, positive versus negative increments, 


of correct response of increment m: i uve 
order of pE cy and small versus large cylinders. en [y ewr 
i i increment employe 0'01). 

was the magnitude of the weight incre p. PE disant 


a i t variability of erformance was n s l 
nalysis showed tat a Tie probability of correct response 15 shown in 


by any of the above factors. à 
i ight i 1 d the small stimuli. 
Figure 1 for each weight increment, for the large im i ei ni SIN 


:ects! performance wer 
Other aspects of the subjects eee e: hau aril false alarms 


the change from small to large cy! numb } 
were REX and 562, respectively, for the large stimuli, competes with cS P 
562 for the small stimuli. Confidence ratings On b e Nr S runi 
totalled 9505 and 3 480, respectively, for the small poc for the endividual 
the corresponding totals were 859° and 3347. In ^ y “il at jus conditions 
comparisons of the difference between the large an BID 


istical signi os level. 
even approach statistical significance at the 0°05 


Experiment 0 uar 
TOME 2 ; " 
in sensitivity 1n experiment I might have bee 
sD procedures; also the dimensions of the larger 
set of weights were quite a pit bigger than of the large set used ds s aks 
thus giving a greater illusion (about 3° per cent, a um a ane an 
To decide whether the former possibility might hol , in Exp weigh M 
Gregory's first procedure was followed, but using the same sets g 


Failure to demonstrate 4 
a function of the change t9 
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Probability of -correct detection 


o 
[7 


o5 


-40 o -HO +5 420 +40 


Weight increments 


Fic. 1. Probability of the detection ofa weight difference as a function of the actual diaga 
(Experiment 1). Each data point is the mean of 160 readings. @, Small stimuli; O, large stimuli- 


+30 


in our Experiment I, By this means we hoped to find out whether replication 
of their first procedure would yield more reliable results, since one would expect 
the greater illusion to generate a somewhat bigger change in threshold than in 
the original study. 


Methods 


e of the standards in front of her. The test weights Wem 
ghts, half ity Predetermined random order. All subjects en 

oe I 5, half with the larger set first, and half with the small set first- 
The following Instructions Were read to each subject at the start of the session: “This 


Results 


ched-pairs signed- nk: 

the reliability of the difference bewe ei 
and standard deviations (S.D.s) as ca 
(Woodworth and Schlosberg, 


Shown in Table L, together 
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TasrE I 
Experiment II: standard first, comparison second 


NEN r 


PSE 

Subject Large Small — S.D. ae 

i 1966 1943 11:6 M 

2 19473 193:8 170 139 

3 19r8 2009 136 d 

4 1985 1898 1475 XOT 

5 202'0 192:2 124 12:9 

6 1814 185:3 16:8 1r6 

7 203:6 2039 12:3 1r:9 

$ 1936 1917 ir2z rr 

9 19474 184:8 10:6 ru 

1o 1925 1976 13:8 16:5 

EH 201°3 1931 ig i45 

T 1951 1933 12:6 137 

13 192:9 188-9 23°2 175 

14 183:9 1870 18:6 15:9 

t3 203°0 188:2 I2'I 12:0 

3 H 1908 1881 III 131 
Median 19435 19195 12:85 12°75 
14°03 13°21 


192706 


Mean 194°73 


The differences between PSEs and between s.p.s are not significant. 


was in the same direction as in. Ross and Gregory's experiment, 
t reliable, but the actual 


for the two sets 
but was not reliable. The difference in S.D.s Was also no 
to that reported previously, i.e. the s.D. 


ey was in the opposite direction 
or the larger set tended to be greater than for the small set, thus indicating a 
the evidence is not sufficient to reject 


higher threshold, if anything. However, 
the hypothesis of no difference in sensitivity for the two sets. 


Experiment m 


In order to leave no doubt about the replicability © 
and Gregory’s Experiment III was repeated as closely as 


f threshold changes, Ross 
possible. 


II, with appropriate 
and test weights were lifted simultaneously. 
s served as volunteer subjects, an had no 


Method 
ame as in our Experiment 


Procedure. The procedure was the S 
modifications in instructions, so that standard 
Sixteen undergraduates and graduate student: í c 
knowledge of the purpose or expected outcome of the experiment. Two new sets of weights 
were made, exactly the same sizes as Ross and Gregory's- Instead of a thread and ring, 
each cylinder had a stiff wire semicircular handle rigidly attached over its top, care being 
taken to make sure no differ: ] visual cues were available. 


ential 


own in Table II. Again 


Results 
ssed by the Wilcoxon 


The results (calculated 
there is no reliable differen 


) are sh 


as in Experiment II 
S.D.s, aS asse 


ce between PSEs or 
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test, although the mean difference in S.D. is in the same direction as in our second 
experiment, that is, against the trend reported by Ross and Gregory. 


Taste II 
Experiment III: simultaneous 


PSE S.D. 

Subject Large Small Large Small 

$ 200'2 202:6 Ir2 92 

2 192:5 199:6 II'4 10:8 

3 2109 203:0 9:8 Io'O 

4 1904 I9r:7 17°3 13'9 

5 193:6 192:4 ir8 154 

6 2007 192:8 9°5 10:8 

7 188-4 I9I:g 15:5 17:8 

8 I94:9 196-4 20°0 3272 

9 201:2 201:3 91 1r 

10 206-0 202:0 144 8:6 

II Igr4 I9r:2 8:5 144 

za 203:3 198:2 130 1470 

I3 206:9 2001 I0*4 9:8 

14 209:2 2074 ir$8 1277 

15 2004 203:5 13:3 i76 

16 184-2 187-0 15:6 13:6 

17 1981 199'0 14'0 9*9 

18 196-0 196-6 11:7 IO'I 

a he 2000 8-8 I1'5 

; 200:3 2123 . 13:3 
an 199*r 199:3 2d on 
as 198-1 198:5 I2*5 13:3 

Discussion 


"veryreliable(P-oxoos) Theonly differenc™ 
50 far as We know, were first that we used a slightly 


ments (see Fig, I). Second 
size as theirs, ours had rigid hand] 


different Subjects, although they 
and other characteristics. How 


Es 
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some of their subjects did differ from ours, namely in their knowledge of the purpose 
and expected outcome of the experiment. Unless care was taken to keep them 
uninformed about this, it could be that the judgements of their undergraduates 
and research students were influenced by such knowledge. It is known that 
knowledge and a set to respond in a particular way can influence judgements in a 
psychophysical type of situation (e.g. Gaze and Dodwell, 1965). Apart from this 
suggestion, we can think of no way of reconciling the two sets of findings except 
the obvious one, that Ross and Gregory’s two successful experiments were genuine 
cases of type I error. It can scarcely be argued that we failed to find a true 
difference because our data are more variable than theirs: for their Experiment T 
the range of individual s.p.s is 5'9 and 1472 for large and small sets, respectively, 
and in our comparable Experiment II the corresponding ranges were 12:6 and 
T4. In their Experiment II the ranges were 11:6 and 12:5, in our Experiment 
III they were 11-2 and 23:6, or excluding one anomalous subject (no. 8, Table 


II) for the small set, also 11:2. - 
Originally we had expected there might be criterion changes in judging the 


larger sets of weights, but our Experiment I failed to show any. It is conceivable, 
if Ross and Gregory’s subjects knew the hypothesis which was being tested, 
that they did shift criterion, and it might be worth finding out whether this occurs 
with knowledgeable subjects. We emphasize again that with the methods they 
used, there is no means of knowing whether the apparent change in threshold 


they obtained was due to this factor. 

We conclude that there is no evide t 
rather that the physical values of the stimuli, 
Cornsweet and Teller’s result (op. cit., 1964) we 
statement can be generalized to other modalities. 
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nce that Weber's law applies to the apparent 
at least for weights, and in view of 


think it highly probable that the 
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PRIOR STIMULATION AND THE 
PERCEPTION OF CAUSALITY 


H. V. BROWN AND T. R. MILES 
Psychology Laboratory, University College of North Wales, Bangor 


Anattempt was made to discover whether, in conditions similar to those pem i 
the number of causal responses given by subjects was influenced by stimu "s : 
during the period just before the main experiment. Time-intervals between ed 
arrival of object A and the departure of object B were systematically ie s 
within the range 60 to 390 msec. Those who had earlier been exposed to no d 
time-intervals (60 to 210 msec.) gave fewer causal responses than those who ix 
been exposed to longer ones (150 to 300 msec. and 240 to 390 msec.). A possi 
explanation is offered in terms of the modification of existing “schemata. 


Introduction 


Michotte (1963, pp. 91 et seq.) claims that causal responses disappear when = 
time-interval between the arrival of object A at the point of impact and the a 
of object B exceeds 200 msec. It now seems established in all esperimen ) 
this kind that individuals differ considerably in what they report (Beasley, 19 : 
and that previous experience can affect the result in a variety of ways (Gr ube 
Fink and Damm, 1957; Powesland, 1959; Crabbé, 1967). The present ea 
ment was designed to study the effect of exposure to different time-intervals 
the period immediately before the main experiment. 


Method 


Apparatus, subjects and procedure 


The apparatus was basically similar to that described by Michotte (1963, pp- 27 me 
It consisted of a rotating disc mounted on a fast-stepping motor, the speed of which ha 
Immediately in front of the disc was a screen, wit o 
slit in it 15 cm. in length and o:5 cm. wide. Rotating with the disc were two M 
cardboard on both of which Were drawn two strips in accordance with the mathe ck 
formulae described by Michotte (1963, p. 28). One strip was blue, the other b gie 
(Michotte in fact used red and black, but we decided against red because of possible c be 
plications if any subjects were colour blind). 'The upper piece of cardboard coul 


a jin 
were those of normal daylight, except that the slit was illuminated by two small lamps beh 
the screen. Fifteen Subjects were used. 
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responses (‘‘two separate movements"). T! 

roa : . These three categories were explai 

X Je vi "s : m e p E card reminding them of the essential gusce 

uie. n € 2 e preliminary part of the experiment, group S ("short") 

poe] owe nts separated by time-intervals of 60, 9o, 120, 150. 18o and 2 

mod ee dp ne ium’ Y to time-intervals of 150, 180, 210, 240. 5 o EL “a 
p (“long”) to time-intervals of 240, 270, 300, 339, 366 T ou amit "Bach 

n a 


group containe subjec! and the 6 time-intervals were resented in random order 
ro ned 5 subjects, P 
d that the same one should not 


és : à 
xcept for the stipulation that each should occur twice an 
When this part of the experiment had been completed there was a 


ch neutral topics were di: i 
igi scussed. In the main experi 
ranei —— to 390 msec.) were presented, again in random order e Eee 
a at each time-interval should occur twice and 
a a i 1 nd that the same one 
ur successively. Since there were 15 subjects this gave a “pool” of 15 cry 
0) 


readings. Results are given in Table I. 


nas succesively. 
reak of 2 min. during whi 


TABLE I 


Number i : , 
iber of responses in categories “4,” “B” and “C” for the three groups of subjects 


Response-category 


A C 
Group S 
Group M T U A a 2: 39 
Giu T, . a gus 50 63 7 
P -— ry a 43 68 9 
Discussion 


Wu I shows that those subjects who had been exposed to shorter time- 
turf s at the preliminary stage gave fewer causal responses 1n the main experi- 
As result supports the claim made both by Grüber et al. (19 57) and by Powes- 
ui (1959) that in experiments on the perception of causality prior stimulation 
"oue the result. More specifically it establishes that, if the conditions are 
ard in other respects, the occurrence or non- | responses is 
not simply a function of the absolute value of the time-interval separating the 
Movements, as Michotte’s figures (1963, pP- 91 et seq.) seem to suggest. 
The first is that the subjects 


Two explanations of our result seem possible. 
ation-level, of the kind described by Helson 


in group S underwent a change in adapt 
(1964). In other words, as 2 result of the prior stimulation the longer time- 
ed longer to these 


intervals in the main part of the experiment actually seem 
vise would have done. Alternatively it is possible 


= ne than they otherv à ] 
at what was involved was 2 “semantic adjustment” of the kind described by 
5'10 (P0001). If A and B responses are pooled, and 
s. non-causal responses, 


ell table (causal v: 
(P<0001). As a check one 
if the results for groups 


occurrence of causa 


Pel x? for the table as a whole comes to 2 

aurais for groups M and L are poo! 

x. jects exposed to short tim! others) gives a X* of 24°12 

ay pool the B and C responses, j à o 

and L are pooled as before, x? comes to 1°35 (n5. The significant factor is thus shown to lie 
subject in group S gave no C responses 


in the C res i 

ponses. It is perhaps E d 

e all, and that the large number of C responses for gri te of this. The problem 
individual differences, however» 
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Stevens (1958, p. 634)j In other words these subjects altered their HH 
of what was to merit the term “causal.” The first explanation does not = = 
any major modification of Michotte’s views; he could simply say that the a 
or absence of the causal impression was a function of phenomenal” (or snc 
time rather than of “physical” time. If, however, people's standards o wá 
time-interval justifies a causal response can be modified, this seems hard to M uia 
with Michotte's claim (pp. 21-22) that a particular phenomenal datum ( 
causal impression") is dependent on specifiable stimulus conditions. -—— 

Although our results do not distinguish between E 'change-in-adap sible 
level" hypothesis and a semantic adjustment" hypothesis (since it was not 3€ a 
to combine our experimental procedure with requests for assessment 0 tical 
length of temporal intervals), it is perhaps of interest to suggest a new theore - 
formulation which both accommodates Michotte's main findings and is also oe B 
patible with the "semantic adjustment" hypothesis. A further advantage o s 
formulation is that all reference to the controversial notion of a “causal impression, 
in Michotte's sense, is avoided. —À 

The view which we are advocating involves the notion of “schemata, in n 
sense given to this word, e.g. by Oldfield (1941, pp. 42-5). Past piis. 
we suggest, gives people schemata for likely time-intervals between cause mek 
effect in situations where they know that physical work is being done. Michot , 
great achievement was to provide a technique for presenting the requisite pun 
stimuli under “illusory” conditions, i.e. in the absence of physical work. 1 is. 
these conditions an experimenter systematically varies the time-interval betweer 
the two movements and then asks subjects if they had a “causal impressiona 
he is in effect saying, Does it still look as if the time-intervals are right? A 
result would in that case entitle us to claim that stimulation of a certain kind befor 
the main experiment can sometimes modify previously formed schemata. 
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Jifts 
call(s) a 400-g. weight ‘very heavy’ when ijo a 
edium’ when he lifts it in a series that ee i 
€ is no change in the sensory character of what is perce! 


T Stevens cites the example of someone who “s 
it along with lesser weights, and... call(s) it ‘mi 
weight of goo g.,” even though ther 
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GROUPING AND SHORT-TERM MEMORY: 
DIFFERENT MEANS AND PATTERNS 
OF GROUPING 


JOANNA RYAN[ 


P Psychological Laboratory, Cambridge 
rned with the improving effects of grouping on auditory 
j described. In the first, temporal grouping was found 
to improve recall considerably, but non-temporal grouping had a much smaller 
effect. Temporal grouping reduced the order errors more than other errors; it 
also changed the pattern of the order errors. Further, it altered the shape of the 
serial position curve of all errors. In the second experiment, irregular patterns 
of temporal grouping were found to be inferior to a regular pattern. The results 
are discussed in terms of the time available for processing previous items during 
the presentation of a sequence, and the form that this processing may take. 


Two experiments, conce 
short-term memory, are 


NY 
^ Introduction 
ion that recall is improved when the material to be 
rganized Or grouped. In short-term memory tasks 
several means of grouping—tempor , ical, spatial, imposed either exter- 
nally or by the subject died; the most usual finding is an 
improvement in recall with gr 915; Conrad and Hille, 1957; 
Michon, 1964; Wickelgren, 1964). vement depends 
on the size of the groups. Thus, grouping int o items each is 
pi; generally not helpful, whereas both grouping into threes and grouping into 
E fours usually are helpful; grouping into fives and into sixes have only sometimes 
been found helpful, usually with longer sequences of more than ten items (eg. 
Pollack, Johnson and Knaff, 1959; Wickelgren, 1964; Mayzner, Tresselt, Adler, 
Cohen and Schoenberg, 1966). ; 

Apart from such investigations of different group SIZe5 few other aspects of 
grouping have been studied, and very little theoretical interest has been shown 
in it. Grouping does, however, raise some important question? about short-term 
memory mechanisms. In general, : quired of how A 
cause an improvement in capacity- Miller’s (1956) ideas of recoding and “chunk- 
ing” have an obvious. if rather Vague relevance to this: the items of one group 

; ] separate items, with the 


might b e chunk, instead of severa i 
ka matei c esti by Miller. In order, however, to specify the 


consequent advantages Sug M ori ? Es 
Precise system of recoding that grouping induces, 1t 1$ necessary to know 1n eta 
rch on Medical Applicat: 


It is a commonplace observat: 


+ Present address: Unit for Resea ions of Psychology; Station Road, 
ambridge. ` 
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both how the various means and forms of grouping vary in their wp ee 
and also whether grouping causes any other changes in recall, apar' 

ll improvement. , : es tenis 
The en concern is with temporal grouping: with fi pneu of a 
presented auditorily and grouped by slight pauses yen ine m enpor 
three groups of three items. The question investigated is how : cu E 
aspect of this grouping, that is, having the groups demarcate y pae Bes 
essential to its effectiveness. It is conceivable that non-tempora a ces 
with the same mode of presentation, pattern of grouping, and sequence u e. 
but with different means of demarcation, would be as effective as benc 
grouping. However, with temporal grouping the inter-item rate of e: a 
varies within each sequence, whereas with non-temporal grouping (or bere 
grouping at all) this rate is constant throughout each sequence. It is p» t 
that any beneficial effects of temporal grouping are due to this variation twp 
rather than simply to the division of the sequence into subsections. et 
particularly likely if what the subject does during the presentation of a cen 
has an important influence on his subsequent recall. For example, € 
trying to attend to the incoming items, the subject may also be trying ei nm hie 
those already presented. If so, then the precise distribution in time o ing 0 
coming items will determine the amount and the nature of the Po mee 
previous items that can be carried out, and also how the subject alternates i ly 
the two tasks of attending to new items and preserving old ones. In a temp Rene 
grouped sequence the pauses may allow time for more uninterrupted ener 
(where this can mean rehearsal, coding, organizing), with less frequent p TU 
-temporally grouped sequence. ing, 
d be superior to non-temporal groupi 
grouping. 


argues that the provision of 
should improve discrimination by, 


ision should be as helpful. Further, it woU 


: - icularly 
on this analogy be expected that grouping, where it was effective, would particul 


benefit the recall of the order of 
included in the sequence. 
Apart from the comparison 
experiment was also done 
available about the effects 


P ing 
of temporal with non-temporal grouping the a 
with the aim of providing more detail than is $ 
of grouping on recall errors. 


- 


= m 
Eee 
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Experiment I 
Procedure 


Grouping methods 

Grouping into three groups of 
had been found previously (Ryan, 19! 
in the ungrouped condition and a sizeable i 
used to provide non-temporal grouping was 


three, with nine-digit sequences, was chosen, since it 
67) that this gave both a convenient number of errors 
improvement with grouping. The chief method 
to interleave brief pips between the appropriate 
items of an otherwise ungrouped sequence. This particular method was chosen since it 
demarcates the groups by the interpolation of an event between the items without altering 
the items themselves, and in this respect resembles the way pauses demarcate groups. 
Possible non-temporal methods such as change of voice or inflection were not used because 
they would demarcate the groups by altering the nature of the items. Two additional 
non-temporal conditions were used, in order to control for the possibility in the main 
non-temporal condition that the pips would only suggest a strategy of grouping as distinct 
from facilitating it. In one condition no external indication of grouping was given, but the 
subjects were instructed to group in threes. In the other, both pips and instructions were 
used. This latter also formed a control for the possibility that the pips might have inter- 


fering effects. 


Design i 
There were five conditions: ungrouped, UG; temporally grouped, TG; pips only, P; 
instructions only, I; and pips plus instructions, P + I. IE bd ae s draon Kom 
Cambridge University; ten different onea FE ee eu sus da am oap oet 
consisted of the same forty sequences, in the 5 ] rM US 
tion. This consisted of 56 sequences, of which the first 40 were the same as tho n 
other conditions. Sube T assigned randomly to all ta grouping contents the 
assignment to the ungrouped condition was done separately, a few m is 


m number table with the 
t; no digit could occur 
6, 8) were not allowed; 
qual frequency in each 


Sequence. 
s 
aking numbers from a rando: 


The sequences were compiled by t lon 

iti 1 
following constraints: there were no repetitions of any one dig 
next to a numerically adjacent one; obvious patterns (e.g. is 
Over all the sequences the digits occurred with approxima y 
Serial position. 


Rates of presentation Thi: 

amely 5 sec. s 
For all five conditions the duration of each sequence wa$ exei ahs ae and 
resulted in a uniform presentation rate of I digit every 9:55 tion within each group, the 
Non-temporal conditions. In the temporally grouped, con! 


i 3 between groups 
igit every 0°45 Sec. the pauses i 
Combs n ind ob de redi d ne beginning of the first item of the 


(from tl inni last ite ips were recorded 
next) ied aan. pet between sequences was An Nc after every 
Separately on to the second channel of the tape recorder, p^ each pip was about o'2 Sec. 
third digit of the appropriate sequences. The duration TA EAE. Sn ts 
and all the sequences were checked to ensure there wean’ 
two channels were played back together. 
iti bjects were 
5 ]. In all conditions su 
Subj individually, with SURED Ee were told to repeat 
desde apes mod constitution of the auque ee Tn the ungrouped 
each sequence as quickly as possible, and aor e T im rate; in the three non- 
condis digits would o a ee j dition (P 
te p they were told that th ld this. In addition, 1n the pips Qu Cem l a 
Mporal conditions they were also igit; in the instructions o ly 


ird d 
they were told that a brief pip occurred after every thir 


I nstructions 
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Scoring 


The sequences were scored by counting the individual errors in each sequence, for - 
subject. Errors were categorized according to the loss they represented from each — 
position, as follows; (i) transposition—any item not in its correct serial position, e 
occurring elsewhere in the Sequence, and (ii) item error—any item neither in its € 
position, nor included elsewhere in the sequence. These two categories cover all the possib. 3 
kinds of error losses, This method of Scoring was used in preference to the more usua 


" H : H S no 
account was, however, taken of the number of omissions, that is, instances where there 1 


Results 


; as ifferent 
(i) Overall performance. The mean overall error scores (combining the mA 

categories of errors) per subject, per sequence, for each condition, are shown in 

Table I. It can be seen that condition TG caused a much larger reduction 


TABLE I 
Mean error Score, per sequence and per subject 


. Instructions Pips 4- Temporal 

Ungrouped Pips only only instructions grouping 
UG P I PI TG 
2:11 1:76 1:58 1°41 0'55 


t 


The mean for condition UG was calculated from the first 40 of the 56 sequences used. 


errors, compared to condition UG, than did any of the non-temporal conditions: 
The difference in mean scores across conditions was found to be significan 
using a Kruskal-Wallis (Siegel, 1956) one-way analysis of variance (H7 a 
df. = 4, 0'05 >P>0o:02). The differences between individual conditions W° g 
assessed using the Mann-Whitney U-test (two-tailed). Only the follow? 
igni Its (values of P —o-o 5 being required througho" : 
= 6, P-o:002); conditions TG and P(U #7 


tt . D + ach 
(ii) Serial position curves, Figure 1 shows the total number of all errors at nce 
serial position, for each grouping condition, and the total for the first 40 seque es 


of the ungrouped condition. The shape of the curve for condition UG resem” 4 


. * an 
that commonly found in many learning tasks, that is, negatively skewed 


> 
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Number of errors 


-X—X-, ungrouped;-@- - -@-, pips; -B- - - BI, instructions, 


Fic. 1. Serial position curves, 
„ temporally grouped. 


--A --A-, pips and instructions; —Oo—O— 
pee Condition TG, apart from the overall lowering of the curve, also changes 
S shape, with dips at the third and sixth positions. Similar but smaller changes 
- found in the non-temporal conditions. Mann-Whitney U-tests were per- 
ormed for each serial position separately. Conditons UG and TG showed 
significant differences for all serial positions; conditions UG and each of the 
Non-temporal conditions showed significant or nearly significant (o1 >P>0'05) 


differences at position 6 only. 

(iii) Error analysis. The mean proportion that each kind of error formed 
Out of the total number of errors was found, for all subjects. Omissions were 
between 1 and 3 per cent of the total for all conditions, indicating that the instruc- 
tions not to omit were followed successfully. In condition UG transpositions 


formed 68-6 per cent of the total; in condition P, 61-8 per cent; in condition 
n condition TG, 51:5 per 


L 63-3 per cent; in condition P + I, 78:5 per cent, andi 
Cent. The transpositions were analysed further according to the distance of 
rt, three-apart, etc. The frequency of 


transposition—that is, adjacent, two-2p? PEDE : 
each of the conditions is shown 1n Table II. 


ech distance of transposition for t E l 
n condition UG the frequencies of these different transpositions bear an inverse 
relation to their distance, i.e. the nearest are the most frequent. This is the general 
form of the relationship that would be expected by chance since there are more 

n distant ones; it is not however 


meine transpositions involving close items tha 
e exact relationship that would be expected, since relatively many more close 
distant ones are found. In condition TG this 


t mS 

sanspositions, and many fewer n cor a 

inverse relationship is altered: as well as the overall reduction in transpositions 
less frequent than those three-apart, 


it 
can be seen that two-apart ones are now 
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Taste II 
Frequency of transpositions according to distance of displacement 


Distance of displacement "Em Total 
Condition Adjacent 2-apart 3-apart 4-apart 5-apart 


= 608 

371 140 67 3o = 437 

"d 252 8o 89 10 3 : 390 

I 201 76 87 18 : i 442 
P+I 235 92 89 14 4 


113 
TG 65 10 36 I 3 


I$. 
š 3 jacent erro 
and that the latter have increased their frequency relative ed ara on the 
The three non-temporal conditions appear to have an intermediate 

distance of transpositions. 


Discussion 


ints will be 
of the kind of recoding that grouping induces, Only some general po efire 
made about this here: first, the error patterns reflect to some extent pen advan- 
of the imposed grouping; and second, temporal grouping gains most o sequence 
tage from an improvement in the recall of the order of the items within " tter claim 
aS opposed to the content alone of the sequence. The validity of this "e inform- 
depends in turn upon the validity of distinguishing between two forms * ut their 
ation—information about the Occurrence of items, and information a vili ction 
order—as handled in short-term memory, and further of making this x (1965 

i ntly corresponding kinds of errors. Conra 


is what would be expected if the 
(1962) "perceptual anchors" holds, ` eriment 

econd, Comparing temporal with non-temporal grouping, this exp uping 
the former is the more effective means of gro 


P á jecte 
and that the latter has only a slight effect. This conclusion might be hoc. l 
to on the grounds that the particular method used to provide non- 


or 
not the most efficient non-temP n 


whole sequence, 
within the whole s 


i — Å 


GROUPING AND SHORT-TERM MEMORY 
143 


Broadben ; thi i i 

a k iler however is unlikely since the subjects always knew where- 

oe ise. The combined condition of pips and instructions 

(Af orbem vs at is any better than the condition of instructions alone; 
at an external non-temporal demarcation of the groups cannot 


be any m 
PRG lenem helpful than a purelv subjective one. If there was any scope fi 
emi - fos the ore non-temporal case, it would be eo dix the 
, ey are not the most efficient external 
ie iti external demarcators, would reveal 
` e improvement. The most likel in ee 
enl M y reason for there being no suck 
e absense of any time interval between groups. Although ki is pees 
e 


th i 
at a more efficient method of non-temporal grouping than the present ones 
in the light of the present results, that it 


proves recall primarily because 
ween the groups, rather than simply 


cdd m the pauses allow more processing O 
iio as ungrouped or non-temporally grou 
em kia i non-significant, improvement that was 

: pora! grouping cannot be ignored, nor can the o 
panying this (the changes in the serial position curves an 


pu NR. It appears that the purely divisive 
ping can have some effect, but that a certain time interval is necessary to 


e this more fully. The question then arises, given the superiority of the 
im > as a means of grouping, whether the pauses would be equally valuable 
nde ere within the sequence or whether they have to occur in a particular 
pa rn. If, as seems likely, the divisive aspect of grouping is at all important, 
th it would be expected that some patterns of division would be more helpful 

an others. The next experiment was performed to assess the effectiveness 


of different patterns of temporal grouping. 


ther signs of grouping accom- 
din the relative frequencies 
non-temporal aspect of 


Experiment II 


used, and each sequence was 
nce never varied, but the size 

Every combination and permutation of 
regular groupings, with different degrees 
equally sized groups. 


Procedure 


am length of sequence as 
of the into three groups. The nui 
em groups did, between one item and seven. 
of di group sizes was used to give à variety of ir 

isparity between the group sizes, aS well as one case of 


before—nine digits—was 


mber of groups per seque 


Sequences 
e he rates of presentation and the pause lengths were the same as in the first experiment. 
de; e ungrouped condition, UG, was that used above, consisting of the 56 sequences already 
scribed. The experimental condition of irregular grouping, IG, consisted of the same 
les of each of the following group- 


nu; 
number of sequences. This was made up of two examp s gro 
ent the number of items in ea! p: the combinations 
the combina- 


in 

Me Rg the numbers repres i 

tion 2, 135, 225, 144, 234, D! all the permutations of each of ` 

vai na Four different sets of the 56 irregular sequences were compiled, 

ee. ; oth the particular digits used in any serial position, and the order of occurrence of 
e different groupings. In compiling each of these four sets the digits were chosen with 

: were further checked to ensure that no 


the 
Same constraints as before The sequences 
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particular digit occurred disproportionately often in the smaller groups of one or two, 
where it would have been rather obvious; this checking only resulted in two changes. 
The order of the different irregular groupings within each of the four sets was determined 
from random number tables. 
Subjects and instructions 

Twenty subjects (different from any above) were used for condition IG, so that each 
particular grouping was tested 4o times—twice on each subject. Five subjects were ran- 
domly assigned to each of the four sets of sequences. The instructions, about the length 
and composition of the sequences, about recalling in order and about not omitting, Were 
all as above. The subjects were further told that there would always be three groups in 
each sequence, separated by pauses, and that these groups would vary in size between 
one and seven; they were also told that the different groupings would occur in a random order 
so that they could not predict which would come next. Some examples of the different 
groupings were played to them and there were five practice sequences. The experimental 
session lasted about half an hour and there were two short rests during it. 


Results 


(i) Overall performance. Combining all the different groupings in condition 
IG (including 333) the mean error score per sequence and per subject was pam 
The comparable score for condition UG was 2:11. No significant difference was 
found between these two conditions, using a Mann-Whitney U-test. 

_(ii) The different groupings. The error scores in condition IG varied con- 
siderably between groupings. The total scores are shown in Table III. Before 


Tas ce III 
Total number of all errors for each kind of grouping, combining the scores of all subject? 
(N = 20) on the two examples of each grouping 


Grouping Total errors Grouping Total errors 
333 20 234 64 
po 43 414 66 
ba 45 225 68 
ica 47 135 69 
fe 47 324 71 
P 51 612 78 
eed 51 162 86 
x 52 117 87 
a 54 621 89 
pa 56 126 95 
Fes 59 261 98 
255 E 216 104 
432 62 m z 


me PB. LS ee 

ee : ce 

m the errors it was ascertained that there was no significant differe? 

^ ‘ween the scores for the four sets of sequences. It can be seen that the co™ Nen 

sel 333 ain the fewest errors, and that sequences with groups of six am : pd» 
em the most. A significant overall effect of the different groupings was fou 
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usin i n i 
ber. Pr rais two-way analysis of variance on the individual total scores f 
difüculty of ceo te = 2194 d.f. = 27, P<o-oo1). Apart from the at 
i ii quences containing the larger sized groups, there does not pies 
"ade y consistent pattern in the order of difficulty of the different Án 
: ging over the permutations of each combination of ege esca 
ny other hae group sizes did not show 
_ To assess which of the different groupi i igni 
i sess W pings differed significantl 
ied jen bp mean scores for each kind of pee were xe pnr 
ex ie ition UG, using a U-test (two-tailed). Only the fellow n - 
: n a significant difference: 333, 423, 432 and 243 (U = 49 DE 
Vie U = 47, P= 0025 and U = 52, P «oos, respectively). ur 
Te ifference between regular grouping—333—and the apparently easiest 
zd ar grouping (as regards total errors)—243— was found to be signifi 
ing a Wilcoxon test (T = 20, N = 17 P<o01). E 
(iii) Serial position curves P i iti 
" 1 1 . Percentage serial position curves were t 
or each kind of grouping separately, using the total error scores. In pee = 


thi : É 

Se hee hy curves corresponded visually to the pattern of grouping in question 
i at dips in each curve occurred at the positions representing the ends of groups. 
me examples of this are shown.in Figure 2. An assessment was made of bow 


nm 
o 


Percentage error 


Seriol position 


ercentage of the total errors at € 
ped. 


ach serial position; —X—X—, 


Nus 2. Curves showing the p 
grouped ;-@- - -@-, irregularly grou 


or remained level at the end of groups, where the 
d. Discounting the first and last serial positions, 
and two items, but combining all the groupings, 

he un- 


d level in 34 out of 43 positions where t 


pren the grouped curves fell 
pA curve rose instea 
the also the smallest groups of one 

grouped curve fell or remaine 
8rouped one rose. 


Discussion 

These results indicate that the effectiveness of temporal grouping in improving 
recall varies with the pattern of the grouping. No case of irregular grouping was 
regular grouping, and sequences containing the largest 
were recalled slightly worse (although this was not 
thes ungrouped sequences Were. | However, nearly all 
€ irregular groupings gave rise to à scalloped serial position curve, irrespective 

ilitation or not. This suggests that the pauses 
can cause local improvements at least, wherever they occur, and even in the face 


of sli 
slightly greater overa 
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It thus appears that the provision of pauses anywhere within a a a 
not necessarily improve recall of the whole sequence; instead, it di dtes 
that the pauses should divide up the sequence in certain Ways, ye m ee, 
pattern of division being a regular one. It might be objecte tha E um 
should not be interpreted as a function of the regularity of the grouping A iir 
instead as a function of the particular size of the groups, in this case three. bed 
a further experiment, using different sequence lengths and different group ies 
could settle this conclusively, but it is unlikely that such an account, apak 2 
its general weakness, could entirely explain even the present results. "€ am. 
if size alone were important, it would be expected that irregular m doni 
taining one group of three (e.g. 135, 234) would be recalled much better vein 
that do not contain such a group (e-g. 144, 225). "This was not found. Mee 
it would be difficult to explain on grounds of size alone why sequences with g 
of six and seven items tended to be recalled worse than ungrouped ones. e 

While the first experiment emphasized the importance of temporal as A en 
to non-temporal grouping, the present experiment has shown how spec! wi 
effectiveness of temporal grouping is to a particular pattern of G a UN 
not surprising in an auditory short-term memory task that brief unfilled in e 
should be of considerable importance in determining how much is rec Tien, 
There is some further evidence, apart from the considerations advanced is 
about the importance of the time available within a sequence for ier that 
Aaronson (1967) compared the immediate recall of “compressed” digits ben digit 
of normally spoken ones. In compressing the digits the duration of eac E 
was shortened by 35 per cent, but the duration of each inter-digit interva aot 
correspondingly lengthened, so that the overall duration of the sequence ke x 
altered. The effect of this compression was to improve recall, suggesting tha le 
time intervals between the stimuli of a sequence are particularly impor ii e 
determining how good subsequent recall is. It was argued above that the pe e 
distribution in time of the incoming items of a sequence might determine act 
much, or what kind of, Processing of previous items is carried out. In this p i 
i i improving effect of compression in Aaronson’s exper a this 
i decrease in order errors, and not in “item” errors; 


An explanation of why irre 
regular ones may lie in this kind of rec 


ld 
shown that sequences of eight items divided into four groups of two shou 
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recalled as w ivi i isi 
see a e en es Rer. € gu of four; this is not found (Wickel- 
dera dn planation of why irregular grouping is inferior to regular 
s finn iod ie - the precise kind of recoding of order information that the latter 
c E = = indication of this was obtained from the transposition data of the 
fia a ent, where transpositions one- and two-apart were reduced pro- 
ian ly more than those three-apart. This kind of recoding might depend 
deducing AA of exactly corresponding positions in different groups (e.g. 
ee 8 middle and end in all groups). Such an exact correspondence does 
exist in irregularly grouped sequences. 
ss m these experiments on grouping point to the importance of considering 
e appens during the presentation of a sequence. Small alterations in the 
me of arrival of items within a sequence can cause considerable changes in the 


ET * P D 
mount recalled, and in the way that information is coded. 
Watson for his very helpful advice and criticism. Iam 
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TEMPORAL GROUPING, REHEARSAL 
AND SHORT-TERM MEMORY 


JOANNA RYAN{ 
Psychological Laboratory, Cambridge 


The effects of temporal grouping on auditory short-term memory are investigated, 
using pauses of different lengths to indicate the groups. No quantitative or 
qualitative differences were found between the shorter and longer pauses. This 
result, in conjunction with an analysis of the order errors, is used to suggest 
what kind of processing occurs during the pauses. 


This processing is selective, 
recoding the information about order according to pos; 


ition within a group. 


Introduction 
Ina previous experiment (Ryan, 1 
short-term memor 
with the groups 
than did similar 
pips. Non-temporal grouping did not imp 
with an ungrouped condition. 


ss during the presentation of the whole sequence, but 

€ slightly at the beginning of each pause, 
Kahneman et al, (1968) tentatively ascribe 
eased effort in rehearsing previous items; in 


ect would be trying to rehearse throughout 
only during the pauses. 


tasks to incr 
the ungrouped condition the subj 


each sequence, in the grouped one, 


ot rp address: Unit for Research on Medical Applications of Psychology, Station Road, 
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The —— : 
kind "Nu mr is an attempt to provide more information about the 
E rium p at can occur in a temporally grouped sequence but not in an 
burinoes are E de it is concerned with the possibility that grouped 
ungrouped sequen 5 a simply because more processing can occur than with 
ls SE the pa ces. ‘ wo grouped conditions are used, in one of which the 
Should. allow = i etween groups 1S increased. Lengthening the pauses 
Ds quantity ds ne for more processing to occur; if the processing is such that 
bereits schen important, then lengthening the pauses should be additionally 
fr omnt compared with the equivalent ungrouped condition. If the quan- 
es € is not important, and no additional improvement is obtained 
e changes in the pattern of recall errors might instead provide some infof- 


mation i i i 
about differences in processing between grouped and ungrouped sequences 


One r 
h : ‘ s 
ason for supposing that the quantity of processing will be important derives 
For example, Peterson 


atin apace on post-presentation rehearsal intervals. 
rehearsed aic (1959) found that the longer the interval during which the subjects 
aine aloud before the onset of an interfering activity, the better the sub- 
Bundes recall. Other experiments with sequences of items (Murdock, 1961; 
ond S, 1961; Pollack, 1963), although not using explicit instructions to rehearse 
S similar results. These experiments all suggest that the longer there is to 
If the se previous items, the more resistant they become to any interference. 
aa NU. that occurs in temporally grouped sequences between the groups 
"in es this kind of rehearsal, then it would be expected that lengthening the 
ses should lead to an additional improvement in recall. 


Method 

rouped and a grouped condition for both of two 

pauses between groups, the total duration 
ght have effects 


diffe 

rent sequence durations. : : 
i ase in total duration mi 

duration might lead to 


Process; effects of more 
ee In order to control for suc ped conditions 
an volens so that each grouped condition (short and long pauses) could be compared with 
co; supe one of the same total duration. ive effects of the two grouping 

nditions could be assessed free of any confounding factors, aS well as any absolute differ- 


e 
nce between them. 


Jd obscure any beneficial 


Sequences 
s of three were used, as this had 


Nine-item sequences, and grouping 
t levels of difficulty. Letters were used to compose 
der to recall, an 


pos been found to give convenien 
uis uet these were chosen 1n prefe: be^ 
of th SIE allow more scope for improvement than o igits. D MS Fs iir ned ks 
Shor. experiment was better recall with the longer pauses it was impo zi ea of 
Acoust; A vocabulary of ro letters was used, chosen so as to e possi! y 
Sa confusion. These were F KLNPR wW Z. The a aaa war a 
tio; the use of random number tables and the following constraints: there were no repeti- 
m ns of any one letter within a and each letter occurred with approximately 
qual frequency in each seri all the sequences. Forty sequences were 
a for the ungrouped conditions, 2° ate esentation. The same 40 sequences 
ere used for the grouped conditions, 2 
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Rate of presentation 


The rate of presentation for the faster ungrouped condition, UF, , Was one pee d 
0°55 sec., each sequence lasting for nearly 5 sec. In the corresponding grouped wes eng 
GF, the total duration of each sequence was the same as in condition UF. leone m 
group the rate of presentation was one item every 0°45 sec., giving a pause length M rom ) 
beginning of the last item in one group to the beginning of the first item in the next lager! 
of og sec. In the slower ungrouped condition, US, the rate of presentation was -- 
item every I-I sec., thus doubling the sequence duration. In the corresponding groupe Í 
condition, GS, the sequence duration was the same as in condition US. The rate o 
presentation within groups was the same as in condition GF, namely one item every 0°45 


sec., and the length of the pauses between groups was 3'4 sec. The interval between 
sequences was Io sec, 


Subjects and design 


Forty subjects were used altogether, drawn from the undergraduate population of 
Cambridge University. 20 of these were tested on both of the two ungrouped conditions, 
and the remaining 20 on both of the two grouped conditions. The design was counter- 
balanced so that within each of these conditions half the subjects took a fast rate first, 


and half a slow one first. The assignment of subjects to conditions and order of rates 
was random. 


Instructions 


The subjects were told that all the sequences were nine items in length, and that they 
were composed of randomly arranged letters drawn from a vocabulary of ten, with. no 
repetitions within any one Sequence. They were presented with a list of the ten possible 
letters, which they were required to read through twice and keep in front of them during 
the experiment. They were told to recall aloud as quickly as possible, in the correct order, 
and to guess if they could not remember. It had Previously been found that such instruc- 
tions not to omit were followed successfully. The experimenter wrote down what the 


subjects said. The subjects were also told whether to expect ungrouped or grouped 
Sequences, and in the latter case they were told 


three groups of three, separated by pauses. 


tion—any item not in its correct serial position» 


— H "n H H t 
Sequence; (ii) item error—any item neither in its correc 
where in the sequence. 


Results 
The scores for all S 


condition separately, 


Effect of different rates 


ubjects and all errors combined are shown in Table I, for each 
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TABLE I 
Total number of all errors, for both conditions and rates of presentation 
E eS OSE EEE 


Number of errors 


Condition and Tested first Tested second Total 
rate (N = 10) (N = 10) (N = 20) 
Ungrouped 
Fast UF 883 864 1747 
Slow US 884 904. 1788 
Grouped 
Fast GF 715 682 1397 
Slow GS 656 697 1353 


Ted d ce oue 


scores of the ro subjects taking it second, using a two- 
For both ungrouped and grouped conditions 
there was no significant effect of the order in which the rates were tested (values 

true for both rates. Within each rate, 


of P«o:os being required). This was th rat 
therefore, "M ae of all 20 subjects could be combined, irrespective of the order 


of testing. 

The difference between the fa y 
tailed Wilcoxon matched-pairs test; for neither un 
Was any significant difference found between the rates. 


were compared with the 
tailed Mann-Whitney U-test. 


st and slow rates was then assessed, using a two- 
grouped nor grouped condition 


Effect of grouping 
For each rate the improvement with grouping was assessed e i 
Mann-Whitney U-test. For both rates the improvement = sige ue ise 
U = 131, Pos; slow, U = 117 P«ooz) For the fast = ks a 
centage improvement with grouping was 21:5 per cent; for the slow, 
Per cent. 
Error analysis s—is 
The number of different kinds of errors 
Shown in Table II, for both rates and conditions. NM 
It should be noted that the improvement with grouping 1s | MIU 
There was no significan' 


to a reduction in the transposition errors. ier udi. 


n i mber of different errors, ; 
Be cede nly, into those adjacent, two-apart and three 
, 


Analysis iti ors O s 

of sposition err adus D 

rici pep d of rate. There was however Um px pied a 
: A -apart transposit1o: 

oth rates, in that the adjacent and two-ap P ear E 


increased. 
siderably by grouping, whereas the three-apart ones pen is kennis M 
Brouped conditions there is an inverse relationship be 


iti i i i longer 
‘Stance of transpositions In the grouped conditions this relationship no long 


s—transposition and item error 
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Tase II 


Total number of item and transposition errors for each condition and rate of presentation 
(N = 20) 


Number of errors 


Condition and Item Trsps. Trsps. Trsps. Trsps. Trsps. 
rate errors total adjacent 2-apart 3-apart others 
Ungrouped 787 960 484 242 141 9e 
Fast UF 
Slow US 77 1017 479 244 162 132 
Grouped 
Fast GF 805 592 208 III 197 76 
Slow GS 763 580 180 112 199 89 


n Áo 0 A, 


exists; instead the three-apart errors are more numerous than the two-apart 
ones and are roughly equal to the adjacent ones. The significance of this change 
in the transposition pattern was assessed in terms of the number of subjects 1n 
each condition who individually conformed to either of the overall transposition 
patterns described. For both the rates, the changes between ungrouped and 
grouped conditions were Significant (fast, y? — 18:4, d.f. = 2, P<o-oo1; slow 
x? = To, af. = 2, P<o-001). 

The adjacent and two-apart transpositions were analysed further, into those 
occurring between different Broups (e.g. third position in one group to secon 
in next), and those occurring within the same group (e.g. third position to secon 
in the same group). For the purpose of the analysis, shown in Table III, the 


Taste III 
Transpositions within and between groups, for all subjects (N = 20) 
M : Within Between 
Condition Adjacent 2-apart Adjacent 2-apart 
Ungrouped 
zu S ti go g 
373 69 106 175 
Grouped 
Fast GF 
Slow Gs d = E s 
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true of the two-apart errors, those within groups being reduced proportionately 
more than those between. 


Discussion 


No difference was found between temporal grouping with pauses of og sec., 
and with pauses of 3-4 sec. It thus appears that lengthening the pauses between 
groups does not enhance the effects of temporal grouping in any way, despite the 
Superiority of temporal grouping as compared to non-temporal grouping. It 
was suggested earlier that the amount of processing occurring in the pauses 
could be an important factor in improving recall. This suggestion is not tenable 
in the light of the present results, since the opportunity that the lengthened 
Pauses provide for additional processing is not of any use. This finding differs 
from the results of the experiments cited above on post-presentation rehearsal, 
where longer rehearsal intervals were found to lead to progressively better recall. 


It might be objected that any improving effect of lengthening the pauses would 


be masked by an adverse effect of lengthening the total duration of each sequence. 
d according to a decay theory, and has 


Such an adverse effect would be expecte í 
been found in some experiments on rate of presentation (e.g. Conrad and Hille, 
1952; Aaronson, 1968) have 


1958; Posner, 1964); others however (e.g. Pollack, Aar 
found an opposite beneficial effect. These, and other conflicting findings cannot 


be entirely accounted for by the use of different rates; the present experiment 
adds to the confusion by showing no difference in the ungrouped condition 
between the two rates used. This may be because the range used here (one item 
Every 0-55 sec., and one every 1:1 sec.) is not large enough to show any difference, 
being smaller than the range used in most other experiments. Alternatively, 
this particular range may be the least sensitive one; the possible consequences of 
Using different rates are too various for it to be likely that the effects of pud 
rates will be the same for all rates. Whatever the explanation, it appears that e 
effects of total duration are not important here, in the ungrouped me 
t is a reasonable, although disputable, inference that such effects are 2 is 
jor in the grouped condition, and thus are not likely to mask any 
Independent effect of lengthening the pauses. . : 
Ide iubes be objected zm the increase in the size of the Pe bs 
Sufficient to show any effect, whereas a further increase t I " ee 
fo be true, since the length of the pauses was more than treble x E Ew 
experiment (Ryan, 1969) comparing non-temporal and m i; pon E 
interval between the groups was only increased from 0'55 9 sec. 


Dot even doubled, and a significant improvement was found. 


i i alid means of testing 
A i nt experiment provides a V: i 
Ssuming then that the prese in the effects of temporal grouping, the 


Whether lengthening the pauses € f ) 3 

Question of ame kind of piooneing occurs in the pauses still qos n secs 
Ome clues may be obtained by considering the changes ! Fa aen! 

Which are the same for both pause lengths. The function a No. n cessing 

*PPears to be specific rather than general, since it 1s pom exclus s ^ d 

Position errors that benefit from the grouping This confirms ee m e 
Yan, 1968). As well as this selective improvement 1n the recall o: 
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items, there appears to be a change in the way in which such senior t vici: 
This is seen in the relative frequencies of the different transpositions, whe: - ps 
for distance. The inverse relationship between distance and frequency ^ wirds 
the ungrouped condition is replaced by one in which the adjacent — Te 
are about equal to the three-apart ones, and the latter are more numerous sni 
two-apart ones. This is at first sight curious, in that — ee eae 
different groups to the same relative Position within each group are no sae 
at all by grouping, whereas all other transpositions are. Since the ini m ns 
of errors, and thus the confusion between different groups is increase a lim 
way, it is unlikely that the recoding principle is supplied primarily by which g ies 
anitem isin. That is, it is unlikely that the items of one group are coded toge S 
as a unit or "chunk," separate from the items of other groups. Af this Mec bs 
fewer transpositions between groups would be expected, and possibly ed 
groups, compared to the ungrouped condition. The changes in the lere 
and two-apart errors complicate matters further. Both those between Ee ‘he 
groups and those within groups are reduced by grouping. Proportionate y a 
adjacent errors between groups are reduced more than those within int 4 
the reverse is true for the two-apart errors, those between groups being or 

Proportionately less than those within. These results may be at ve ee T 
explained if it is supposed that grouping recodes the items by labelling the 

Positions repetitively, according to the Position within each group, thus: 1231 NA 
instead of from 1 to 9, as in an ungrouped sequence. There then appears to be 

direct relationship in the extent to which the different transpositions are reduce 

by grouping and the extent of the numerical change in label involved. ee? 
reduces most those transpositions which involve the greatest change in labe 


r a 
cessing be called rehearsal? “Rehearsal” is a term jen 
seldom precisely defined. ‘The reasons for this pub 
Covert nature, and in the very general preserving funct! 


is frequently used, but 
lie both in its normally 
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that are ascribed to it. If the processing referred to above is identified with 
rehearsal—and there do not seem to be any compelling reasons against doing this— 
then it appears that rehearsal can operate selectively, on only part of the total 
information load. It further appears that not all rehearsal is the same, in that 
the rehearsal presumed to occur during the presentation of a sequence is not 
such that its quantity is of great importance, whereas the rehearsal presumed 
to occur after the presentation of a sequence and before any interference is such 


that its quantity influences subsequent recall. 


I should like to thank Mr. A. J. Watson for his invaluable help and criticism. I am 
grateful to Professor O. L. Zangwill for providing facilities, to the S.R.C. for a Research 
Studentship, and to Dr. M. P. M. Richards for reading a draft of this paper. 
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PARTIAL REINFORCEMENT AND 
PARTIAL DELAY OF REINFORCEMENT 
EFFECTS WITH 72-HOUR INTERTRIAL 

INTERVALS AND INTERPOLATED 

CONTINUOUS REINFORCEMENT 


MICHAEL E. RASHOTTE} AND C. THOMAS SURRIDGE 
University of Toronto 


"Three groups of rats ran 108 trials in a straight runway, one trial every 3 days. 
On the first 44 trials, one group received continuous (and immediate) reinforcement 
(CRF), a second group so per cent partial reinforcement (PRF), and the third 
group a 5o per cent schedule of partial delay of reinforcement (PDR). All groups 
received CRF on the next 20 trials, and extinction on the last 44 trials. The 


PRF and PDR groups extinguished at approximately the same rate, and signifi- 
cantly more slowly than the CRF group. 


Introduction 


Resistance to extinction of a running response is increased by randomly omitting 
reinforcement (PRF) or by delaying reinforcement for a sufficient length of time 
(PDR) on some percentage of trials (e.g. Crum, Brown and Bitterman, 19515 
Surridge, Boehnert and Amsel, 1966; Theios, 1962). Recently, the similarity 
between PRF and PDR effects has been further emphasized by the demonstration 
that PDR produces this effect even under the relatively extreme training conditions 
employed in some PRF experiments: widely spaced (24 hr.) trials with continuous 


immediate reinforcement (CRF) interpolated between acquisition and extinction 
(Donin, Surridge and Amsel, 1967). 


In the present experiment we investi 
even more extreme conditions of tr 
and PDR groups were trained with 
interpolated before extinction. A 


gated this similarity more directly and under 
ial spacing than previously employed. PR 
72-hr. intertrial intervals (ITI) and CRF was 
CRF group served as a baseline control. 


Method 
Subjects 
Twenty-four male Wistar albino 
Farms, Guelph, Ontario, They wi 
regimen and ad libitum water, and 
of experimental training. 


tats, 60 to 65 days old were supplied by Woodly 
ere maintained on a ro-g. per day food depiiva S 
were handled and tamed for 17 days prior to the st 


T Present address: Department of Psychology, 
S.A. 
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Apparatus 
The apparatus v i 
f was a straight enclosed i 
í ? L traig closed runway, in. d i 
Vries ae gus pod of a 13}-in. start Xs ard Perm io Es 
at black. The goal area compri i p pd cun 
o de icd paca prized the last 14 in. of the alley and 
temm k of the alley by an aluminium guillotine retrace d WS 
pellet dispenser provided reinf vinci puse ril 
E oat ovided rei orcement when the final photobeam was i 
[ n this circuit permitted d i ree 
Mí Hw niea of the siu e device. dM LS 
1-ft. running-time measures wer id i 
wae > ; e provided (to o*o1 sec.) beginni vi i 
he start door and ending 3 in. from the end wall of the = es ee aa 


Procedure 
ae ba ina design: _The subjects were randomly assigned to three groups of 8 for 
"^ "IR = s: a continuous and immediate reinforcement group (Group CRF), a sexe 
PDR) All ron (Group PRF), and a partial delay of reinforcement group (Grou 
Experi g oups then recived CRF for 20 trials followed by 44 trials of extinction. i 
imental training. Subjects were run in two squads of 12, four subjects from each 


group i i i j 
up in each squad. The order in which subjects were run on each trial was randomized, 
d from the goal box immediately after eB 


zi med trials the subject was removed fro 
Bie xen per sea trials confinement duration was 6osec. All 12 subjects in a squad 
S509 an red to their home cages after the day’s trial and given their daily food ration 
Trials vi min. later. ‘The subjects were given one trial every 3 days over a 324-day period. 
one ere given at the same time on each running day and subjects were fed their daily 

n at the same time on all days. 


gà " ; i i 
he maximum time recorded in any measure was 30 sec. In extinction, the subject 


reed as from the runway and placed in the goal box for the 60-sec. confinement 

X se. 5. had not broken the final photobeam 180 sec. after the start door was opened. 
Phas of 30 sec. was recorded for the measures which had not been traversed. 

for G e 1 consisted of 44 trials during which reinforcement was omitted on half the trials 

roup PRF, delayed for 30 sec. on half the trials for Group PDR and given immediately 

ed four 250-mg. Noyes 


o : 
allen trials for Group CRF. When rein 
ts (1 g.), Delayed or non-reinforced trials occurred four times in ever 
which A indicates an immediately rewarded 


ER according to the following sequences in 

BB rs B a non-reinforced or delayed trial: AABBBAAB, BAABAABB, ABBABBAA, 
Our tri BBA. Sequences of eight trials were randomly assigned to subjects. On the last 
accor E of the 44-trial Phase 1, subjects received their delayed or non-reinforced trials 
Were ing to the first four trials of one of the eight-trial sequences. In phase 2, all groups 
this beh 20 trials to CRF. For subjects in Groups PRF and PDR, but not in Group CRF, 
all a a change in reward schedule. Phase 3 consisted of 44 extinction trials for 

S; 


Results 
e, ime scores on each trial for each of the five performance measures Were 
ertet to reciprocals (ft. [sec-)- Figure 1 plots mean speeds in the first (Start), 
ird (Run 2) and fifth (Goal) measures in four-trial blocks for the three experi- 
Mental phases, The data of the second and fourth measures Were omitted 
i i ical with the Run 2 measure. 

ach measure on speeds over the 
effects only (Poor in all 
S acquisition had occurred, there were no signi- 
ant differences in perfor g the three groups. Analyses of speeds 
d CRF training period also yielded no significant 


thr 
?ughout the interpolate 
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150 1 


porsrestetoene 0808 gre tig te, 
Fa 


eir" 
9-e-$. z NM 


050 r Run 2 


à 5 T 9 ll, I8 15 17 19 2! 23 25 27 
Acquistion CRF Extinction 


Block of 4 trials 


PN i ge 
Fic. t. Mean speeds in the first, third and fifth alley segments throughout acquisition, int 
polated CRF training and extinction. @—®, cnr; @- - -@, PRF; O—.—.—O, PDR. 


A £ re 
» in fact, showed little performance decrement in any measu 
over the 44 extinction trials. 


s 
16 and the rr extinction blocks. These prie 
; respectively, reliable Group main effec 


y 
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F(2,21) = s- s 
= pa het oe mia ie iden Block main effects, F(11,231) 
, x O*OI); < i i ' : 
=r 27 Me cc aps and Group x Block interactions, (22,231) 
ndividual comparisons between th indi 

bea 1 en the group means indicated that i 

“a eR da € ecce from CRF ires Kerle enu) 

: : ach other. In order to isolate the source of th 

we DRE o La = of squares for each measure were sheid ni ve 
d ock, and the PDR-PRF vs. CRF 4 

PD , b PRF vs. X Block com H 

am 2 PRF did not interact significantly over Blocks; pona dn 

n. e IT : and = 148 for Goal (P «o'o5). However, the PDR PRE 

Posy ock interaction was significant, F(11,231) = 3°88, 4:65 and 7:07 

^ The results of these analyses are c 

pa the extinction performance of Gr 
ese groups exhibited greater resistan 


Discussion 
among the PRF, PDR and CRF groups during 
simi T lier reports that PDR and CRF produce 
"un ar acquisition performance under both spaced (24 hr.) (Donin et al., 1967; 
22 and Kintsch, 1959, Exp. 2) and highly massed trials (Crum et al., 1951). 
i se experiments and our own all employed long delays of reinforcement (20 
"€" de sec.), random scheduling of delayed and immediate reinforcement trials, 
ES a delay procedures (subjects were delayed in the goal box). However, 
ie ailure to reject the null-hypothesis in the analysis of acquisition speeds is 
Ge istent with Goodrich’s (1959) finding that PRF speeds are higher than 
Alth in the early portions of the response chain and lower in the later portions. 
3 ough the Goodrich effect has been found in experiments which employ 
4 ITIs (e.g. Surridge et al., 1966), ‘ith regularity in between- 


E it does not occur W 
"d partial reinforcement experiments (e.g., Amsel, Rashotte and MacKinnon, 
966, Exp. 3 and 4; Rashotte an 


oc d Amsel, 1968) and the variables controlling its 

Bier en have not been specified completely. The present data constitute 
The instance of failure to obtain the effect. . 

With e extinction data confirm the results of Donin et al., (1967) that PDR, 

CRF 30-sec. delays, increases resistance to extinction even after interpolated 

Citric They also support Theios’ (1962) finding that the PRF extinction effect 
ties through interpolated CRF. Both of these previo 


us findings are extended 
Y the present data to training conditions in which trials are separated by 72 hr. 
Our extinction data do not support the prediction from Cap 


onsistent with the suggestion from Figur 

e 
oups PDR and PRF did not differ, M pde 
ce to extinction than Group CRF. 


" No reliable difference was found 
cquisition. "This finding extends ear 


aldi's sequential 
ce to extinction is greater after PRF than 


a 3 

a ysi of PRF and PDR that resistan : 
*r PDR if sequences of reinforcements and non-reinforcements are the same as 

d delays (Capaldi, Other direct com- 
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found more for the PRF group. Capaldi and Olivier (1966) found 2M 
led to more resistance to extinction than PDR when the ey ed 
goal box confinements on non-reinforced trials was identical to the Y^ ed 
1o-sec. reinforcement delays. Of course, Capaldi’s pp ees cipe ue 
on the assumption that delay of reinforcement produces a stimu us a iu 
which differs from that produced by non-reinforcement and this E es £ 
requires appropriate values of several parameters of these goal a E xr 
length of delay, confinement duration on non-reinforced trials, and m omma 
of reinforcement. In the present experiment we failed to find a difference be n 
PDR and PRF when the length of delay was 30 sec., the non-reinforcem 
confinement duration was 60 sec. and the magnitude of reinforcement was A E 
This experiment is one of a series which has provided evidence for the wp 
of PDR and PRF (Donin et al., 1967; Surridge, Mock and Amsel, 1968). l 
our present results do not demand it, they are compatible with the Bo ee 
made in these earlier experiments that this similarity is due to frustrative reac 


evoked by both PRF and PDR which, in classically conditioned form, modulate 
instrumental responding (Amsel, 1958). 


This work was supported b; 
Foundation and APB- 
Amsel. 
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THE EFFECT OF HUNGER ON WATER 
INTAKE IN RATS 


KEITH OATLEY AND D. A. TONGE 
Laboratory of Experimental Psychology, University of Sussex, Brighton 


Although reciprocal inhibition between eating and drinking has been posuit 
the commonly observed reduction of water intake by hungry rats may not AR od 
to any direct inhibitory mechanism. In one experiment rats deprived = Ted 
for 24 hr. and then injected with 2 ml. of NaCl drank the same as rats tl ar A 
received food ad lib. In the second experiment a stomach load of 10 m : xi 
water 3 hr. before the salt injection was designed to abolish any water de zm 
that might have occurred during food deprivation had there been m 
of drinking by hunger. Here again rats deprived of food did not drink less t : 

undeprived animals. In fact the hungry rats drank slightly but sinauni 
more. This phenomenon may be related to the observation confirmed here tha 
during food deprivation rats excrete about twice as much rather dilute urine s 
during ad lib food intake. This seems to indicate that though in general ue 
deprived rats drink less than normal they actually drink more than they EEG: 
Schedule induced polydipsia also occurs during food deprivation and this too 
makes it unlikely that water-intake is actually inhibited during hunger. 


Introduction 
There is a well-known interaction between 
when deprived of food will reduce 
water will cut down their food- 


hunger and thirst such that animals 
their intake of water, and when depr ived è 
intake (e.g. Verplanck and Hayes, 1953; d 
en thirsty seems comprehensible as part of ) 
ic pressure in the body fluids (Adolph, € 
from the food into the bloodstream of a pc 
otic concentration. "This aspect of hungor-th ias 
wed by Jacobs (1964). It is plausible to postu oa 
ation an inhibitory neural connection exists fr 


3 . a 
either osmoreceptors or the water-intake controller, to the mechanism th 


regulates food intake. This c 
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As to the effect that inducing h i 
oe 1 : : g hunger has on thirst, Miller (196 
iei serum cmd ID ue also led to miri erbe 
1 a , and Grossman (1962) has shown that hy ic sti 
= Semis rior a ta diminished oda = pmi en 
ed eating. ese observations have enco 
a eet 967) to believe that hunger inhibits water intake à aoi eee 
ier m ere have been strong suggestions however that the depressant 
inel nger on thirst might be accounted for in a way which does not involve 
ads aer inhibition. Bolles (1961) points out that “the animal that has been 
ee : food has been relieved of one of its chief needs for water," and 
se daw , (1964, 1965) reaches a similar conclusion. The experiments of 
a us b Fleming, Nagamo and Dimick (1957) have shown how the 
n ood to water in the gut stays constant, and that the preferred source of 
ces east of this water is from drinking. "They go a long way towards explaining 
e enomenon of prandial drinking, and also provide support for the argument 
s pw requirements become less during starvation. Furthermore, Radford 
gs 59) has shown that in the long term as well, renal water losses of rats are de- 
mined almost entirely by the quantities of solutes which are eaten in the diet 


and have to be excreted. 
zl apparent inhibition of thirst during hunger may thus be mediated entirely 
deg erally, via changes in the body-fluids, and the following experiments com- 
ee ng the drinking response to salt injections in hungry and satiated rats were 
i ried out to determine whether the depression of drinking is brought about 
n this way. 
e the first experiment it is argued that if reduction of w ¢ 
uction of water requirements then a hungry rat’s drinking following a hypertonic 


€ injection would be the same as that of a non-hungry rat, since each would 
ins y be responding to the same experimentally imposed changes in body-fluid 
* "xat and attempting to neutralize the osmotic load. On the other hand, 
the ting hunger there were direct central inhibition of thirst in the sense that 
n p representing the real level of water need is multiplied by some factor 
s an unity, then responses to à salt injection would be less in hungry than 


i 
n non-hungry rats. 


of water intake simply reflects 


Experiment I 


Procedur, Be 
to jue male hooded rats, aged 23 months with body weight ranging from 185 to 231 8» 
Ok part in the experiment. They were housed individually in wire cages and given food 
let 41B) and tap water ad lib except where otherwise specified. Drinking tests took 
15 X 16 em. and fitted with a burette 


Place ; . 
EET € in a rack of compartments each measuring 23 x r 
drinking spout from which fresh tap water could be obtained. The burettes were 
were read to the nearest o'I ml. No food was available 


Br; X 
pow in o2 ml. divisions and 
oí drinking compartments. 
ing ea the experiment proper € g p 
erminat; These served to accustom the animals to the pr 
SWR of base-line drinking scores- Each rat was taken, 
Or r en in his home cage without food or water for 30 min» and t 
r. in a drinking compartment. These pre-test trials were separa 


of 
2 days and followed by an interval of 4 days. 


-test drinking trials in the drink- 
ocedure and also to allow de- 
injected with 2 ml. of 1M 
hen allowed to drink 
ted by an interval 


ach rat was given two pre 
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'The experiment proper began with half of the rats being deprived of food d 
"Thirty minutes before the expiry of the 24 hr. period animals were taken at 1 min. in a, 
injected intraperitoneally with 2 ml. of 1 M NaCl, left to wait without food or water ut ds 
min., and then placed in the drinking rack for 1 hr. (Due to the limited HERT 
drinking rack the rats were treated in two pec P of 3 hungry and 3 non- 

second batch started 12 hr. after the first. 
scene part of this ieee designed to illustrate the familiar patton af md 
drinking in hungry as compared with non-hungry rats, followed after an interval of 1 by 
A similar procedure was adopted, except that instead of making the animals eso 
administration of salt, they were deprived of water for 24 hr. before the drinking 
Thus 6 rats were deprived of both food and water, and 6 of water only. 


10 


NaCl injected 


Water wl 


E 


75 


ml. drunk 
a 


25 


60 
o 8 5 30 60 0 8 18 30 


Time from start: of drinking (min) 


, ‘ to 4 
Fic. 1. Mean water intake of hungry and non-hungry rats in Experiment I in response of 
hypertonic load (left-hand 


ived 
graph) and water deprivation (right-hand graph). (X) Deprive 
food; (@) not deprived of food. " 


Results and discussion 


inking in response to a sodium chloride injection n 

ely und to be 0-43, o-15, o-18 and 0°56 ate 

5 inking. In every case P>o-5 with ro d. f. on two-ta 
sts. 


By comparison, when drinkin, 


of drinking in the hungry rats was very marked (right-hand graph). Hors 


was found to be 6-77, 9°79, 6-50 and 6-14 for each pair of scores in order fror, 
to 60 min. Ona two-tailed test in ey 


- 
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of drinking observed where thirst was induced by deprivation of water in the 
second part of the experiment. It could be argued for instance that in the first 
part of the experiment, during the 24 hr. deprivation of food, drinking was pro- 
gressively inhibited so that at the end of this period the rats were in a state of 
water deficit which was precisely counterbalanced by a subtractive inhibitory 
Signal from the hunger system. Response to the salt injection would on this 
explanation be the same for hungry and non-hungry rats. 

Experiment II was designed to investigate this possibility, and to explore 
further another unexplained phenomenon observed during Experiment I. This 
Was the disparity between the effects of combined food and water deprivation 
here drinking was reduced to about a third of the 


Seen in a r-hr. drinking test, w. 
intake following deprivation of water only (see Fig. 1, right-hand graph) and the 
n in the 24-hr. water intake of 


amount of reduction to only three-quarters see 
rats during food deprivation. In 24 hr. the 6 food deprived rats in the first part 
of Experiment I drank a mean 18-7 ml. as compared with 24-7 ml. for the unde- 


Prived animals. The various estimates of reduced drinking made in previous 
Published reports reviewed by Bolles (1961) show a similar puzzling variation, 
ranging from 29 to 76 per cent reduction of intake during 24 hr. of food depriva- 


tion. 

In Experiment II a different strain of rats was used to see if this influenced 
the result, and observations of urine output as well as more accurate measure- 
ments of food and water intake on a larger number of rats were made. Further- 
more two extra groups were included in the design to investigate the possiblity 
of a subtractive inhibition. These groups were stomach loaded with water 


3 hr. before the salt injection. If hungry rats really were in water deficit which 
of a subtractive inhibitory signal 


could not be neutralized by drinking because 

then one would expect that in the hungry rats this water load would not be released 
in the diuretic response that noramally follows such hydration, and furthermore 
the inhibitory signal now being no longer balanced by a deficit would be able to 
act on the thirst produced by the salt injection. If hungry and non-hungry 
rats drank the same even after this water load then it could be safely concluded 
that there is no direct inhibition of thirst by hunger. If some intermediate 
result were found then it would be possible to calculate the contributions of the 
Inhibition and the reduction of water requirements. 


Experiment II 


Procedure 


The subjects were 32 male albi t 
Weighed 242 to 330 g. 24 hr. before their 


he apparatus used was the drinking ra 


as a set i Funnels and graduated cy’ 
of met cages. Funn radu: 3 
ier des ed contamination of the urin 


Sizes i ] prevent n y 
Iml. (uel apes in each cylinder before d a nen S Mrs TE 
Oration, T) : ided was always powdered, and the rats reached i y 

his head UAE dn. cam hole in the end of the cage opposite the drinking d The 
‘op of the food Coniainet was level with or slightly below the bottom 2n ael E 
Which the rat put his head, and was fixed 4 to } in. away from it, so that no foo e 


no rats. They were 3 to 4 months old when used and 
drinking test. 


ck described in Experiment I, modified for use 


linders collected urine, and a 
e with faeces. About 
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scratched into the cage. This method was effective since none appeared i to RE 
ders. Each food container was housed in a small cube shaped wire TER exte: T ia 
on to the cage. It was accessible at the end furthest from the ih via a ie an m. 
aluminium door. Surrounding this food box on all sides except above ey | me 
tainer which collected any spillage. This arrangement ensured that al La mee 
by the animal was recovered with wastage that did not exceed o'r g. ; 00 Musee 
to constant weight at room temperature before use. The burettes used were id bere 
than those used in the previous experiment, being graduated to o'r n Che pee 
spouts protruded into each cage about iin. Below each spout was a smal ac e i 
tube arranged to catch any drips from the burette and conduct spillage to a cy! Y e ide 
spillage could be collected under paraffin. 'This precaution turned out to be er 
unnecessary because except on one occasion during a habituation period when a um 
amount of water was found to have leaked due to only partial closure of a burette , 
no spillage was recorded. Distilled water was used throughout. M mee 
The design of this experiment was a 2 X 2analysis of variance, with independent me oil 
ments on 32 rats. The factors investigated in the design were food deprivation 
or 24 hr.) and stomach load (sham load or 10 ml. distilled water.) tedio 
The procedure employed the subjects in batches of 8 at a time (two from each c ‘ved 
the analysis). Rats were first habituated to the cages for 5 days then either food depri 
Rats were randomly assigned to a Red 
ys occupy the same cages in different pei 
ecorded every day, and during the second a 


2ml.oftmNaCl. After an interval of 30 


of waiting cages without food or water, 
and allowed to drink for I hr. 


Stomach loaded with ro ml. of water warmed to body temperature, the rest received no wate? 
by the stomach tube. E i i 
Water intake and urine w 
at 10-min. intervals wi 
for 30 min. and the 
2 hr. Readings of 


qui ; ani 
“min. intervals for 30 min. and at 1 
2 hr. sa 
The room temperature range during the experiment was 65° to 78°F, and there wa 
12 hr. light-12 hr. dark illumination cycle, 


Results and discussion 


. is of 
€xperiment are displayed in Table I. Analysis 
o significant difference between the groups in I 
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Io min., 20 min i 
o ., 30 min. and 2 hr. have al: j 
cene di , . have also been subjected t i i 
ke hungry rats drank more than non-hungry o all s rid ps 
Thi at the 1 per cent level. e sands ig Hi 
is effect is obviousl i i 
LM s obviously quite small, since no signifi i 
: l gnificant diffe: ^ 
i oe rats were found in the first experiment in which E cid 
e ion a A second experiment with 32 animals differences si EE 
T dala dni irs el were T ex these may well have been la fad ae 
assignment of animals to grou i 
oA ger groups (no attempt having b d 
animals) resulted in sli htly b igni r E " 
ih . slightly ut not significantly more drinking i 
iu = ES the second pre-test injection by rats that were "wf e b i ds 
not. In any case the increase in drinking was small, and the pedes. 


ob: : 
servation was that the hungry animals did not drink less. 


Taste I 
Scores from each group in Experiment IT 


Roa. Eee 


Groups 
(N = 8) ND NL ND L D NL DL 


Measurements Body wt. 273 272 276 264 
taken (26) (34) (20) (19) 
24 hr. Previous 24 24'0 25'2 257 22:1 
before hr. food (3) Q7 (4^1) (1*8) 
stomach Previous 24 331 350 372 339 
tubing hr. water (473) (4°4) (6:8) (479) 
Previous 24 12:8 149 14'9 12:7 
Neea hr. urine (2:5) (3:7) (4'5) (54) 
ements Body wt. 279 276 248 239 
Meer (ay a (9 009 
immediately Previous 24 254 241 o o 
before hr. food (22) (23) 
stomach Previous 24 345 347 28:6 328 
tubing hr. water (370) (5:6) (125) (18:4) 
Previous 24 ir9 14'0 25 28:9 
Urine į hr. urine (2:8) (471) (8:1) (13:8) 
in 3 hr. following stomach tubing r4 87 rz 87 
Drinking ; (o7) (o*9) (r1) (o7) 
ng in x hr. following NaCl injection 56 53 zi 6: 
(0°6) (2:1) (o:8) (1-2) 


d—not stomach loaded, ND L = 
stomach loaded, L= 
dard deviations. 


A ; i 
N ll scores in g. or ml.; groups ND NL = Not deprive 
NL = Deprived—not 


o : 
^s sae m loaded, à 

—stomach loaded. Numbers 1n parentheses are stan 
the water load given by stomach tube on the test 
d non-hungry rats (mean 8-7 ml. for 
m the undeprived and 1:9 ml. from the 
load. Absence of any retention of 
water deficit. 


De uas 
ps diuretic response to 
Was exactly the same for hungry an 


Oth 
degen as compared with r4 ml. fro 
ived no stomach 
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The findings on the drinking tests and urinary responses to the 1 Ec 
load make it most likely that hunger directly inhibits thirst pied - Ds E 
alternative explanation for the reduced drinking in response to wa e : a slightly 
by hungry as compared to non-hungry € — at ied 

in response to a salt injection, might be that sal cu 
ibn ; This seems unlikely though Vance (1967) has d yv he 
thirst and thirst resulting from normal dehydration are mediate Ts d on 
mechanisms" on the basis of some preliminary observations that rats wit ne 
of the olfactory bulbs drink less water with a longer latency in response 
injection than do controls, whereas their ad lib drinking is normal. -— 

An explanation along the lines that food deprived rats have less water r pred 
ments than when fed, but that despite this, water intake becomes rather wem 
and somewhat in excess of needs, does deal with the data on drinking in m piel 
to food deprivation. It copes, for instance, with the discrepancy found in eed 
ment I, between the amount of water drunk during 24 hr, of food depriv d of 
(about three-quarters of normal) and the amount drunk in 1 hr. at the wee, 
24 hr. of combined food and water deprivation (about one-third of ines "n 
Drinking during the food deprivation period of Experiment II can be S bend 
"Table I, where the mean amount drunk by food deprived animals was only al 
85 per cent of control scores. i -— 

‘Two remarkable things occur during food deprivation. One is that perii 
prived animals excrete roughly twice as much urine as normal, the other is dt 
the variability of the 24 hr. drinking scores increases so that the standard Me oi 
rises, as can be seen in Table I. The rather surprising increase in urine volu i 
in food deprived rats seems first to have been observed by Cumming and Morris 


(1960). Though the effect may not be invariable, since there is at least one de- 
tailed report (Dicker, 1949) of the 


Water intake. Morrison and his c 


r 
drinking is secondary to a polyuria caused by iuni 
anti-diuretic hormone (ADH), seems to have been ru ats 
out by Morrison et al. (1967). They found that injection of ADH into PH 
during food deprivation restored urine concentration and volume witho 2 
significantly reducing drinking. The relative polydipsia seems to be pama 

se to the added water load. Morrison (1968) has RE 
not drink as much if they have to obtain water by rce- 
water reinforcements, or on fixed ratios for rei > ut 
these cases of high work requirement urine outP 
falls to normal values. 


inhibiting the release of 


. . * H . s i t be 
Food deprivation, since it prevents intake of sodium and potassium, migh 


w 
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accompanied by some electrolyte imbalance. If so, then either a relative sodium 
depletion or a relative potassium depletion are known to cause thirst, and might 
partly account for the increased drinking. Morrison (1968) puts forward instead 
a complex hypothesis in which he argues that the apparently excessive drinking 
maintains an aspect of energy balance. However, neither of these explanations 
seems satisfactory. The greatly increased variance of ad lib water intake scores 
(see Table I) during food deprivation also argues against a regulatory basis for 
this kind of drinking, and a non-regulatory basis should be sought. It might 
be either that drinks are being taken in anticipation of meals that never arrive 
(drinking just before meals is a well known feature of rats’ ad lib food and water 
intake), or that the rats are making an attempt to produce a partial satiety for 
food by filling the stomach with water. Perhaps the behaviour represents dis- 
placement activity, or in some unspecific way the rats are maintaining their normal 
Pattern of water intake even when it is strictly unnecessary. 

The whole phenomenon of relative polydipsia during food deprivation recalls 
the experiments by Falk (1961, 1966, 1967), and several others on schedule 
induced polydipsia for which food deprivation is a prerequisite. Feeding hungry 
rats with small quantities of certain types of food (which need not necessarily 
be dry) on either response contingent or free delivery schedules in which the rate 


of delivery is less than about one reinforcement per 40 sec. induces polydipsic 
no means clear it seems not 


behaviour. Though the explanation for this is by 

to be a superstitious response since Burks, Hitzing and Schaeffer (1967) have 
shown that most of the drinking occurs early in each 40 sec. interval on a free 
delivery fixed 4o sec. delivery schedule; not immediately before the sucrose 


Pellet appears as would be expected if the rats were responding superstitiously. 
Both schedule induced polydipsia and that which accompanies simple food 
deprivation seem to be examples of what Falk (1961) recognized as non-homeo- 


Static drinking. 
The fact that Morrison’s experiments sho 


less inclined t T Il 
o work hard for water recal's another | 
homeostatic intake, the hyperphagic syndrome (Miller, Bailey and Stevenson, 


h ) : aA 
1950). Animals with ventromedial hypothalamic lesions, though prepared t 
eat steadily if no effort is required, will not press on high ratios for food, nor um 
they accept it if it is slightly adulterated. ‘The finding of Mrosovsky (1964) 


ane ‘ d 
that a similar state of affairs occurs 1n hibernators, in a Way that may be PON 
n for hibernation, gives credence to the bele 


to food f $ 5 
gathering in preparatio : r 
that the effect i reflect some aspect of a normal Kd waa mi d 
m. Dot mer i havioural syndrome resulting fr i : 
ely a bizarre behavio ue 

f this is "n then one is forced to accept that there can be uncoupling of c 


à : lv. 
dr amato and appetitive behaviour on some ad P beu ir 
ipsi iti viour i 
ipsia of hunger the energy devoted to appetitive De a 
i the amount of free 
*Xperiment may be more cl an 


osely related to water need th 
Water int 
ake. i 
te that despit 


entral stimulation 
These experiments indica s of cen 
m to exert a 


e the result i t 
Studies hunger does not see direct inhibitory n on p 
: i rinkin 
ather it has somewhat the opposite effect, m: g dep 


wed that food deprived rats were 
ther example of apparently non- 


aking the amount o 
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from the usual minimal quantity required to replenish water deficits, and p 
intake in excess of needs, as well as slightly potentiating the response bete 
injection. The phenomenon of apparently excessive non-homeostatic re 
as well as the divergences between appetitive and consummatory aspects o; 


m cated 
and thirst, may well be important in understainding the control of motiva 
behaviour. 
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JUDGING THE ORDER OF VISUAL 
STIMULI 


KEITH OATLEY, ANTHONY ROBERTSON} AND P. M. SCANLAN 


Laboratory of Experimental Psychology, University of Sussex, Brighton and the 
National Physical Laboratory, Teddington 


Psychometric functions obtained for judgements of the order of two long duration 
light flashes were about half as steep as those previously obtained for short flashes. 


of stimuli 2 degrees above and below this point. The shape of the curves did 
not conform to a normal ogive of the kind normally expected in threshold deter- 
minations. These data may be explicable in terms of a visual sampling mechanism 
capable of being triggered by incoming stimuli. 


Stated a general rule for this kind of judgement. They say that for 75 per cent 
Correct order judgements the interval between two stimuli is about 20 msec. an 


È + ation 
Although all these findings represent departures from the initial gener alizati^ 
about this t 


Aes inso 

St surprising new result is that of Robin 
(1967). He found that the order of visual stimuli Presented dichoptically e 
be judged correctly on 100 per cent of presentations when the interval betWe 


É * " IIl» 
uk s n address: Committee on Mathematical Biology, University of Chicago, Chicago» 
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them w: 
oet ates Los A fomento Qus D 
a Ansa rds à to replic s experiment in almost 
a ns foun e psychometric function for dichoptic presentation 
5 ban much less steep, with none of the six subjects reaching roo per cent 
one at 20 msec. and only one by the 40 msec. interstimulus 
As regards the shape of the psychometric function, most workers have implicitly 
Supported classical threshold theories by plotting their results as straight lines on 
Probability paper. Only Kristofferson (e.g. 1966, 1967a, b) has thought other- 
te and he regards data from this kind of judgement as providing evidence 
or a perceptual moment theory of the kind originated by Stroud (1949) and 
reviewed and given support by White (1963), and Shallice (1964, 1967) among 
others, In its simplest form this hypothesis states that psychological time is 
quantized in approximately equal periods (moments) during which only the 
average of any change of stimulus parameter such as position is known. It is 
Tather as if a sequence of long exposure photographs is taken of the stimulus 
array. Only the averaged information from each exposure is passed on for further 
analysis and new data are only available at the end of each exposure. For a correct 
Order judgement to be made stimulus events must therefore fall in separate 


Moments. If no correlation exists between the timing of stimuli and moments, 
It would follow that the psychometric function relating the frequency of correct 
order judgement to inter-stimulus interval is a straight line reaching 100 per cent 
Correct responses at an interval equal to the perceptual moment. Kristofferson 
discusses his version of this hypothesis in terms of being able to switch attention 
to a new channel only at the end of each moment. He reports that his data 
Bive support to this hypothesis, fitting either a straight line of the kind described, 
9r a curve made up of two linear segments, which he explains in an extension of 
the moment hypothesis by allowing the possibility of the second stimulus falling 
Not into the next moment after that occupied by the first stimulus, but into the 


One after next, 1 ; 
We have been concerned in the first place to test the validity of Hirsh and 
errick's generalization for order judgements with visual stimuli for which 

only the onset is seen by the subject before he makes his judgement. In this way 

ciated with 


apparent movement is eliminated and furthermore only one event associated WIt 
Second we have examined in 


Sch stimulus can be used in the discrimination. wi 
Some detail the shape of the psychometric function under these conditions to 
See whether any decision can be made between the continuous intake of stimulus 
Information implied by an ogival curve and discontinuous intake such as that 
“upported by the perceptual moment hypothesis and reflected in a linear function. 


Method 
The subjects, 6 members of N.P.L- staff, were required to view binocularly the hem 
an oscilloscope (Tektronix 565 wi the greta oor te 
> at a distance of 57 cm. A polarized hoo nhe UM 
d, separated by 


Sc c 
reen, The oscilloscope was used to display a sma 
timulus light—spo 


ligh 
t, followed b ; 

y two long duration $ s : 
9me small interval, one above and one below the fixation point. 


of 
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en oo een. 
Each trial began with the brief appearance of the fixation light in the ee 
Subjects were instructed to fixate this position. 300 msec. after the 2 sime ae 
flash, the first stimulus spot appeared, randomly above or below the fixa ei andelan 
a variable interval of between 1 and 100 msec. the second spot equas F teach 
from, but on the opposite side, of the fixation point. Each stimulus spot bens 
duaration. Subjects were required to report, before the ER tee Ob i eo) 
of the stimulus lights appeared first. They responded by saying either vj : EL. 
Subjects had been informed (quite ue d that the spots never appeared sim 
they were not allowed a “Don’t Know response. . . , y 
We ndis were used in the experiment. In one the stimuli appeared d 
(0'5 degrees) above and below the position of the fixation point (inter-stimulus and Ginter 
of 1 cm.), and in the other they appeared 2 cm. above and below the fixation poi nei 
stimulus separation of 4 cm.). Both the stimuli and the fixation light were approxi 
. in diameter (6 min. of arc). d 
j poc eee was nd E SEI photometer. This instrument could not d 
accurately for the rather small stimuli in the conditions of viewing (with a polarized Si 
fitted). The spot brightness was however well above threshold and to an order Si ect 
tude 50 ft. Lamberts. The fixation light was somewhat dimmer than this. . Bac QD the 
luminance of the oscilloscope screen was o'os ft. Lamberts. Ambient illumination i 
experimental room was 0°03 candles/sq. ft. 
Each subject completed t. 


63, 80 and 100 msec. betw 


ck. The first spot appeared at the t 
to each subject. The order of “ables 
according to a list derived from random number ine 
hind a screen, operating a noiseless switch and e o 
sting about 20 min., involved the subject in 9 bloc was 
r-stimulus interval. The order of blocks in a session m. 
ession the stimulus separation was fixed at either Tor ^ ate 
and the order of these conditions was randomized. Subjects were given no imme ach 
knowledge of results, but were allowed to ask about their performance at the end of € 
block if they wished. 
Stimuli were derived from 
and fixation spot was produced b: 


responses. A single session, la 
25 trials, one block at each inte 
randomized. Within a single s 


he desired position on the screen. 
top and bottom spots were tr i 
(type 3A74) and were of equal 


160 msec. intervals. 
cell having one observation ( 
performed. In each analysi 


eac 


ay analysis of variance; peer 


responses out of 25) has 
der, spot separation an 
> were significant order € 


ffect? 
i o 
in another (P.M.) the order times SP 


gnificant, 


; nuli 
T 3 p mY 
indicated that the effect of retinal position of a bie t 
centre of the fovea) was significant in only 1 8U 


(P.T.) at the 5 per cent level. In 4 other subjects there was a slight effect, ranging 
in significance as judged by the F ratio from P approx. = 0:25 to approx. O'I. 
i There were no interactions with this factor and in these five subjects the effect 
was in the same direction with the curve for the spots separated by 1 cm. running 
parallel to and above those for 4 cm. separation. This must mean that there is 
some slight increase in the variability of conduction time from extra-foveal as 
compared with near-foveal regions of the retina. 
; The effect of inter-spot interval was as expected highly significant for all sub- 
Jects. Except in the cases described above no effects were significant at the 5 
per cent level and so we have lumped the results of all sessions together and these 
are displayed as a function of inter-stimulus interval for each subject in Figure 1. 
In each of the graphs confidence limits for the binomial distribution are shown 


p for P = oos. 


i 
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Number of correct judgements 


100 O 20 40 60 80 100 


o 20 40 60 80 
spot interval (msec.) 


Inter- 
~ E ; d 4 degrees spot sep~ 
du bjects, with trials at 1 ane binomial 
Fig T Its (solid lines) for all subjec k cial limits for the bin 
aration A ec joined by dotted lines mark Hine 


distribution at P = 0°05. 
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Discussion : fl 
Our results, like those of most other experimenters on the perception of aad 
order, have failed to support the generalization of Hirsh and Sherrick (19 M 
that about 20 msec. are invariably needed for the 75 per cent correct — 
of temporal order. For the six subjects in this experiment the interval o 
50 per cent and 75 per cent correct judgement ranged from 36 to 98 msec. s 
are two possible reasons for this departure. Only one event, the stimulus ons i 
was available for judgement, and also no apparent movement effects were pruduci 
by these stimuli. Though the apparatus that we used was not really ee E 
giving short stimuli since the offset of the stimulus was relatively slow and depen e 2 
on the decay of the oscilloscope phosphor, we did test one subject (A.R.) with spo 


: 5 ent 
of approximately 10 msec. duration and found both that apparent movem 
was the one obvious feature 


function was about twice th 
by others in similar tasks. 

this difference implying a 
for temporal discrimination 
the same range as those des 


area, and no other 
functions they obtain, 


WE 
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on a bi isi 
c spon legen and errorless (100 per cent correct) performance is needed 
Tous gival curve derived from classical psychophysical theory, is regard E i 
zip to that obtained from any type of difference threshold A Bana: 
1 property is that the slope relating correct B 
i ) peformance t i 
is at its steepest where the two stimuli to be differentiated are in pn 


(a) (b) 


E 
£ 100; 100; 
< 2 
E E 
g 7 5 75 
E 3 
a =, 
E 9 
S S 
§ 50 € 50 
S 8 
3, 2 
2 El 
S 25 S 
= g 
ki E] 
2 à 
2 [e] 
Inter stimulus _ intervol Inter- stimulus 
stimulus B stimulus A interval 
first first 


NL e The curve (a) represents the. classical shape of the psychometric function, and that 
nend y authors of most previous experiments. The curve is a normal ogive with its centre 
are Sisto with the 50 per cent correct level. For two stimuli Aand B the responses of the subject 
Pinos 5 a percentage of the subject s reports of “stimulus A first.’ j The curve (b) is an ideali- 
Hue the results obtained in this experiment. , The curve is sigmoidal; it may also be an ogive, 
Sian arts at the 50 per cent level rather than having its midpoint there. Clearly it can also extend 

e lower left segment if responses are plotted as in (a) but in this case the whole curve would 


e T 
composed of two ogives and not one. 


vious intuitively. In many types of difference 
d that there was a lower limit: the “just notice- 
e the case empirically. In some o 


a is not by any means ob 
reshold one would have imagine 


me difference.” Furthermore it may not b 
e published work on temporal discrimination. where enough observations 


have been made and the inter-stimulus intervals have been sufficiently closely 


spaced the shape of the curve can be seen to depart from the normal ogive. 
dividual results of this experiment 


We have for instance tried fitting the in 
and those of Kristofferson (19672) to straight lines on probability paper, but in 
only a few cases are the fits acceptable. 'The curve suggested by the majority 
of our results is sigmoid or S-shaped. It has the general form of Figure 2(b), 
with ends which, as they approach the 50 and 100 per cent levels, become less 
Steep than the middle section. : et 

The function determined by Thor (1967) for dichoptic signals is also like Figure 
2(b), as are most of Kristofferson’s (1966) results. Halliday and Mingay’s (1964) 
Aistograms may be similar, although in their case the results are more difficult to 
Interpret since they allowed their subjects a third category of “stimuli judged 
Simultaneous.” Other reports of temporal discrimination experiments are in- 
Sufficiently detailed to allow an accurate assessment of the shape of the curve, 
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: a 
though Rutschmann's (1969) results look as if they might be best fitted by 
ogive, in the classical way. . i -— 
cw nets function in this kind of experiment is S-shaped p 
be two possible explanations. If the intake of s 
2(b), then there seem to be p i erdi wa che WHE 
information is continuous, then there may be a threshold interv: feet eter, 
two stimuli are presented within this they are nearly always aridam in ee 
taneous. In the case of our subjects this threshold interval would be o: ddp 
of 40 msec. The explanation seems unattractive because it would s mec im 
large amount of unexplained variability in the process. From our Ys ni 
standard deviation of this variaiblity would be 20 msec. or more, and a € 
compared with the very remarkable accuracy that is displayed in auditory 
zation phenomena (e.g. Rose et al., 1967). - 
A ami type [vend basis would be that of perceptual -—— 
Kristofferson (1966, 1967a, b) favours this, but it does not seem obvious cie 
individual results fit either the one or the two linear segments that his p Lin € 
alows. In particular his (19676) data miss out vital observations in the r por 
of 50 per cent correct responses, Without this information the proposer a 
the underlying distribution is a straight line rising from 5o per cent cor aang 
about 85 per cent correct and then inflecting into a less steep straight line r 
to intersect with the 100 per cent correct level must remain insubstantial. m. 
If a sampling mechanism is responsible for the shape of the pue ihi 
function, the results shown in Figure 1 suggest that moments are triggered ben 
stimulus. Such a hypothesis has been suggested elsewhere (e.g. bae. ft 
1960; Latour, 1967). Their formulation needs modification before it W! 


: s ent, 
these data, however. We would propose that a stimulus can trigger a mom 
Which would close, not immediat 


other moment theories order judgeme 
in different moments, A possible ex 
be made on the basis of different bri 


: Sens llow 
its own “freerunning” rate. The initial een 
€ explained by the first stimulus arriving pe. 
> caused by external triggering, so that a s€ 
stimulus does not have to wai 


5 ce 
of uncertainty in the mechanism, if for - 
cient to trigger closure of a moment. i 
delay system would allow the discrimination mechanism time to store or disp s 
€ arrival time of a stimulus. Although it ut 
YPothesis has similarities to the psychologie 
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bine e intake is stimulus information is continuous or intermittent, it does 
eins the case t at the type of psychometric function obtained from temporal 
n ations is not always the classical one usually assumed, and that its shape 
may give valuable information about the temporal characteristics of eei] 


processes. 


of the research programme of the National Physical Labora- 
s were made available at the Laboratory of Experimental 
from the SRC. 
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TACTILE SHORT-TERM MEMORY 


ELIZABETH Q. GILSON AND A. D. BADDELEY 
Laboratory of Experimental Psychology, University of Sussex 


Subjects tried to recall the location of a tactile stimulus on the underside of the 
forearm after delays of O, 3, 5, Io, 15, 30, 45 and 60 sec. When “rehearsal” 
was prevented by requiring subjects to count backwards during the delay, 
accuracy of recall decreased Systematically reaching an asymptote after 45 sec. 
When subjects were left free to “rehearse,” this did not affect the decline in 
accuracy over the first 10 sec. Between 10 and 15 sec. there was a significant 
increase in accuracy followed by a slow decline which had not reached asymptote 
by 60sec. Itis suggested that tactile STM (short-term memory) depends on two 
Processes, a fading sensory trace which is unaffected by distraction and a less 


ibus aptam which does not appear to be verbal but which depends on "re- 
earsal,”’ 


Introduction 


that the traditional distinction between long-term 
-term memory (STM) may be unnecessary, since ? 


n hose of interference theory, could explain all the known 
phenomena, This assertion stimulated a 


iiss y 
B 
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Com i 
io ire data m obtained by Posner and Konick (1966) using a lever positi 
d am eee it 3 Aarra to draw any conclusions about the point of mee 
: r and Konick's data since the 1 4 
col 1 c ce the longest delay they used 
tae epe ine apts "iei of STM for visual locaton, ferwhieh the 
Rina : more detailed study of STM for visual locati 
y Dale (personal communicati i s 
inae i bs y unication), who studied the reproducti f 
a square after intervals of e 
rh à 1 of o to 64 sec. under iti 
E x sac marked forgetting occurred with a brief (o'5 sec.) wc nen xh " 
interval filled with digit cancelling, and reached an asymptote foe dos 


30 sec. 


Th . H B 
us, such data as exist are consistent with the assumption that STM systems 


Showi i 

Phe os o e. over a matter of seconds are not limited to verbal material 

or isi "e rom other modalities is, however, still very sparse and is certainly 

ient. gh to justify any general statements about STM. The present stud 
re aims to extend our knowledge of STM to a further modality, that of 


touch. 
Method 


nt on a line drawn on the underside of their forearms 
the point stimulated after a delay of o to 60 sec. Half 
kwards during the delay, while the rest were free 


Op were touched at a poi 
Us asma tried to indicate 
a AE were required to count baci 

ntrate on remembering the stimulus. 


Procedure 
SE ccs I cm. units was drawn in ink on the underside of the subject's right arm 
laid flat g rom below the elbow to the wrist (about 2 in. above the plam). The arm was 
field of vi na table. The subject sat at right angles to the table with his arm outside his 
m baie . Subjects were also instructed not to look at their arms during the experiment, 
achieved this by closing their eyes. 
-cm. divisions varied ranging 


Since subjects’ arms differed in length, the number of 1 
use of the elbow and wrist as anchor points only the 
ese eight locations 


fr bein 

ech: 14 to 22. However, to minimize 
ght most central points were used. In each of ro trial blocks, each of th 
of each of eight delays, 


wi ; 
as stimulated once. Each trial block comprised one occurence 
der of delays was randomized in each block. 


o, 
Thr 5, 10, 15, 30 45 and 60 sec. The or 
e eighty trials took approximately 5° min. including a s-min. break in the middle. 
nd recall, which 


The arm was touched lightly using 4 medium-point ball-point pen, a! 
location of the touch with the finger, since 


Md cued verbally, involved pointing to the 

OPER be most compatible response (Sinclair, 1967, P- 177)- 1 " 

(& wenty right-handed undergraduates served as subjects. Half served in condition R 

est) and were asked to sit in silence during the retention interval and to “concentrate on 
d condition A (activity) 


DE 
rying to remember" the position touched. The other half performe A 
ds at their own pace in threes, from a three-digit number 


an " 
d were required to count backwar ror 
e touched the subject's arm. This is a standard procedure 


s H 

QUIT by the experimenter as sh e 

oe minimizing rehearsal in verbal learning studies (Peterson and Peterson, 1959). 
imilar task has been found to influence visual though not kinaesthetic memory (Posner 


and Konick, 1966). 
Results 


ured to the nearest o'5 
illimetres fo: 


cm. using the scale drawn 


Recall responses were meas ca 
r the two conditions as a 


"e the subject's arm. Mean error in m 
unction of delay is shown in Figure 1. 
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p 
Interpolated 


activity 


20 Rest 


Mean error (cm) 
m 
m 
Q. 


if 


035 10 15 


30 45 60 
Retention interval (sec) 


Fic. 1. Accuracy with which a ta 
during the retention interval, (9) 
retention interval. Each point 


ctile stimulus was recalled as a function of delay and o 
Recall after a distracting task; (O) recall with an un 
based on 100 observations. 


Analysis of variance showed Significant effects of subjects (F (19, 126) — e 
(Poor) delay (F (7, 126) = 28:3, P<o-oor) and a significant interacti? 
between delay and activity (F (7, 126) = 8-4, P<o-001). The main effect Me 
activity did not, however, reach significance (F (1, 18) = 3:2, P= 0:10). T 
reason for this is clear from Figure 1; comparison using the t-test at each delay 

en the two conditions over the first ro sec. of retentio™ 
at each delay beyond ro sec, (P <o-o2 in each case). » 
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presentation and five worse. In condition R, however, performance on the first 
item was significantly better than on the next equivalent item using the Wilcoxon 
test (T = 6, N = 9, P «oos two-tail). 


Discussion 
Een : ‘rehearsing,” retention of the location of a 
mulus shows a rate forgetting of the same order of magnitude as that 
found in verbal STM, reaching an asymptote after about 45 sec. Unlike verbal 
STM, however, the first trial does not seem to produce any less forgetting than 
subsequent trials, so far as the evidence goes. 
. When there is no interpolated task, however, the overall rate of forgetting 
is slower and subjects still appear to be forgetting after 60 sec., the longest delay. 
A simple assumption of slower forgetting, however, is not enough to account for 
the data. The absence of a significant effect of activity, the significant activity 
delay interaction, and the significant improvement in performance between 1¢ 
and r5 sec. shown by the “rehearsal” group all suggest a more complex picture, 
possibly involving two separate processes. The first of these seems to be unaffected 
by the counting task since performance in the two conditions does not differ. 
Between ro and 15 sec. this appears to be replaced by a second process which 
produces an immediate improvement in performance followed by somewhat 
more gradual forgetting which has not levelled out at the longest interval of 60 
sec. Such a conclusion gains some support from subjects’ introspective reports. 
These suggest that stimulation was followed by a sensory after-image consisting 
of a tingling sensation, which sometimes became clearer over the first 3 sec., 
but which then began to fade until it had virtually disappeared after 10 sec. This 
after-image is presumably responsible for the performance of both groups over the 
first 10 sec. and is probably the only source of information available to subjects 
in condition A. The fact that performance does not asymptote until 45 sec. 
have elapsed suggests that the information has not completely disappeared by 10 
sec. as some subjects suggested. The absence of a PI effect iue pnus n 
presumably due to the fact that very little information persists from on 


the next. 

Subjects in conditi 
that after having “no i 
they “somehow knew” whe 
have any idea how they knew. 


subject claiming to use verbal labels was one 


i zi d a visu 
in i ‘ons, She claimed to have used a 
Scu reed es; her performance level was slightly 


One possible explanation is suggested by Misa WU is pen 

ti lip or cheek may produce a ti : 

sae plat er H to half an hor, aac eir 
x of the han! an 

not find this effect on th d e 

i it we on the forearm. Second, no suc! ^ 

an d Mie 9n Melzack effect was not influenced by dis- 

Üicling us vcn m the rete interval, whereas the effect we observed 
o 


When subjects are prevented from * 


o "concentrate on remembering,” report 
n of the stimulus after 10 sec., by 15 sec. 
although none seemed to 
to be verbal since the only 
lly short arm containing 
al image of scale 
below the mean. 


on R, instructed t 


dea” of the locatio: 
re they had been touched, 


The cue did not appear ! 
with an atypical 


e eyelid, th 
Id be found 

Finally, the 
ntion 
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was Clearly dependent on the absence of a distracting task. While I m 
tactile "rehearsal" presents an intriguing problem it would t d m 
speculation until the basic phenomena have been more firmly rs is aa 
particularly necessary to replicate the improvement in performance show 
- 15-sec. delays. mE i 

Coe these ee suggest that when “rehearsal” is ert age i 
occurs over a matter of seconds, and appears to reach an asymptote a e 2 
of roughly the same order of magnitude as is found for verbal, Visita Main 
aesthetic STM. As in visual and verbal memory, when “rehearsal is enco : 
forgetting is slower, though the nature of tactile "rehearsal" remains obscure. 


j ; i ial fulfil- 

"This report is based on an experiment submitted by the senior author in eer, at 

ment of the requirements governing the degree of B.Sc. (Experimental Psyc! S. bof 
the University of Sussex. The authors are grateful to Miss D. Scott and Mr. D. 


: i esearch 
for statistical assistance and advice. The second author is grateful to the Medical Ri 
Council for financial support. 
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RETRIEVAL TIME AS A FUNCTION OF 
MEMORY ENSEMBLE SIZE 


G. E. BRIGGS AND J. M. SWANSON 
Ohio State University 


A direct test was performed of Oldfield’s (1966) derivation of the relationship 
between naming response latency and memory ensemble size. The results 
confirmed Oldfield in every particular. Further, the results support Sperling’s 
(1967) suggestion of a recognition buffer-memory mechanism between the initial 
stimulus-encoding stage and the long-term memory stage of human information 
Processing. 


Introduction 


Oldfield (1966) addressed himself to the organization of human memory in the 
first Sir Frederic Bartlett Lecture. He reasoned that more commonly used 
words should be more readily accessible from memory than those words employed 
less frequently, and he suggested that Zipf's Law (Zipf, 1935) provides a key 
to this organization. The latter states that in a large sample of words there is 
an inverse linear relationship between the log of the number of words with fre- 


quency of occurrence f and log f. Thus, one may conceive of memory for object 
f names with the largest ensemble for least com- 


names as organized into ensembles o 

monly used names, a somewhat smaller ensemble for more commonly used names, 
andsoon. If memory search involves first the selection of an ensemble and then a 
dichotomous search of the ensemble, it follows that object naming can proceed 
efficiently and at a rate well within empirical estimates of skill limits involving 


linguistic material. . h f Fa 

Oldfield determined that a Zipf-type relationship held for object names including 
those used earlier by Oldfield and Wingfield (1965) in a study of response latency 
s a function of name frequency of occurrence in 
textual samples. At that point Oldfield had two sets of data: (a) naming response 
latency as x function of log frequency of word occurrence; and i Zipf gt 
lationship between these and other equally likely words and the og ders 5 
Word occurrence. Given two variables expressed as a im RA 
third variable, it was a simple matter to determine the SET 2 g is T 
first two variables. The fitted equation was RT = 373 ala 5 Og» dM 
is average naming reaction time in msec. and M is estimated memory 


e H B . R 
The following interpretation of this relationship was offered Pi p. 

i the average time require 

(a) the intercept constant, 373 msec, Was, i wer 
the piatofial E information plus the time required to decide w na pou 
ensemble to search; (b) the inverse of the slope constant, ine iu : m ON 
rate of search through the memorial representations within the ense ; 


for naming pictured objects a 


185 
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and (c) the latter search was not seriatim but presumably involved a sequence of 
i eliminations. : nai 
m of the present study was to determine more directly P 
ship between naming response latency and memory ensemble ou cone 
it was obvious that one must control experimentally the frequency of o "ni 
of stimulus names, and this excluded use of previously familiar eer 2 
such, random figures were selected to be stimulus items (Vanderplas, ics Es 
and Vanderplas, 1965), and each was assigned a unique name consisting en à. 
(A, E, I or O) and a two-digit number (an even number between 20 an l gka 
There were four ensembles (M) developed consisting of 2, 4,8 and 16 stim’ oe 
response pairs; thus, log, M = 1, 2, 3 and 4. A Zipf-type relationship was oe h 
to the exposure of the stimulus-response pairs throughout the experiment 2 
that each item in ensemble M — 2 occurred eight times for every occurren 
of an item in the M = 16 ensemble, four times for every occurrence of an item 


in the M = 8 ensemble, twice for every occurrence of an item in the M = 4 
ensemble, and so on. 


It was predicted that a linear r 
size and vocal reaction time in 
to make a naming response. 
at this task would result in a d 
ship such that this index of me 
17 bits/sec. derived by Ol 


Finally, it was predicted that i 


elationship would be found between log res 

a paired-associates task which required the subjec 
It was predicted further that continued pran 

ecrease in the slope constant of the above relation 


: e 
tablished. For half the subjects P 
n 2 four-sided, 4 six-sided, 8 eight-sided an 

es, respectively; for the other 


z the 
— 2 ensembles each started S uid 
bles each name started with the = pec 
e distinguished on the stimulus 2 Thin 


nd 16 ensemi 


ensemble M = 2 each 
20 and 28, such that 


rê 
a given figure might be A-22. The full name fo 


RETR 
IEVAL TIME AS A FUNCTION OF MEMORY ENSEMBLE SIZE 8 
Bay 


figure in the M = i 
number deed Se red vem epee E followed by an even two-digit 
Sieen ce E s L ortions of assigned names for the figures in the 
diaconis, uos rom even numbers between 40 and 58, while those for th 
E eias sien even numbers between 60 and 98. Therefore, each of th : 
Sog hue cine y a Li subject had a unique full name but the intl letter identi. 
haud es e ds and thus was common to all members of that ensemble 
hiss det. AC ed rienced six daily sessions of preliminary training prior to Wists 
Fiber aap n sessions. - On the initial preliminary session a subject viewed each of 
Hed gures with which he would be working one at a time i : 
Em we me ee to respond with the ensemble letter as soon Een L 
ne siad E us, those subjects who were to experience four-sided figures in ensemble 
"HN ue ^ ed in the initial session with the response “A” whenever either of the 2 ° 
déeomed | res appeared; likewise, they responded with “E” whenever a six-sided figure 
, and so on. The purpose of the first session was to introduce all 30 foni dà 


their assi 
[s RERUM ensemble groupings. 
e imi ; NC 
eee preliminary session and continuing through the fifth session, the subjects 
the 30 figures and their assigned full names in a series of paired-associates 


lists, ^ i 

coe o consisted of eight stimulus-response pairs, two from each of the four 

appeared A " there were eight such lists. Across the eight lists the two M = 2 figures 

and so o ght times for every single occurrence of a figure from the M = 16 ensemble, 
n, to establish and maintain the Zipf-type relationship between ensemble size and 


familiari 

z à d é : 

rity. The subjects learned two lists to one perfect trial each in each session. The sixth 
ed-associate procedure, but a subject 


and ein: 
saw sos preliminary session involved the same pair 
y the M = 8 and M = 16 ensemble items. This violated the Zipf-type relation- 
numbers of errors in naming 


ship, o. : à 
Pe lad course, but it was felt necessary to avoid unusually large 
es for these two largest ensembles during the experimental trials to follow. The 


latte P. 

r : " n 5 : é 
Pe rus strict adherence to the Zipf relationship, so it was felt that any imbalance 
m preliminary session six would be corrected quickly in the subsequent part of the 


experiment. 

Followi 2 
E PER the preliminary training sessions, there were sIX 
est session. In each of the six sessions (to be identifie 


daily sessions followed by a 
d as the differential learning 
random sequence of 


Session, . e : 
5) a subject experienced all 30 stimulus-response pairings 1n a 

16 ensemble items appeared once, each of the 

— 2 items appeared 4 and 


6 Su 
4 Such pairings, Each of the M — 


— 8 items occurred twice, while each of the M — 4 and M 4 
ttempted to anticipate 


su 

Bol respectively. As in the preliminary sessions the subjects at a 
random ect name for each random figure in a paired-associates procedure. E iios 
learnin Sequence of the 64 items was employed every 2, days. Within each di d 
Somes vere ui there were two exposures of the 64-item list; the data from the secon ex- 
In the may utilized in the analysis to be reported. . » d 
time and c: special test session each subject first viewed a sample of the psi m DE 

for each e responded as in the six differential learning sessions by giving, e fu ai 
figure. Following this normal testing procedure, the subjects viewed another 
e subjects gave only 


Sam l 
ple of figures, one at a time; however, to the second sample thi r 
Just prior to each figure presentation 
o be drawn, e.g. 


the Apr 

the o digit number portion of the assigned name. | à 
“the n e" identified the ensemble from which that figure was 

gure will be an ‘I’ re." 
ag hroughout the Mimpi: su e instructed to be as fast and i ama 
ee in responding. Further, starting with the fourth session of the nem 
The ing period, a bonus system was used to emphasize the speed and oa ies m 
experia erimenter recorded every response and the vocal reaction times throughout the 
ent, 


bjects wer! 


s figures, the other to 


stimulu 
e used to 


Eq ] 
d subjects 
Interval timers wert 


"Iso. et: 
Present Slide projectors were employed, © 
the assigned responses on à ground. 


ne to present the 
-glass screen. 
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‘ af- 

control stimulus onset and duration (4 sec.) and response onset and CHEN (2 mus b 
type shutters were placed in front of the projectors to provide these vt ara ea 
sensitive diode was placed in front of the stimulus shutter which — — pedet 
counter upon stimulus onset. The counter accumulated time at the rate o R e, 
The subjects responded over an intercom system, which response pee pedet dese 
trigger to terminate the electronic counter. The experimenter heard and re hen spits 
vocal responses over the intercom and he could communicate with a og gend w P EIA y 
priate, over the same system. The subjects heard a constant-intensity white | Sided 
the intercom except when the experimenter was communicating with him. This p 
for masking of extraneous laboratory sounds. s 

Twelve tndergredonfe students participated in the study, eight males and four pert 
All responded to an advertisement in the campus paper. None had served ina Dd 
experiment and none had seen the random figures prior to their service. Each rec 


s : A ; tial 
a base pay of $1.25 per session plus a bonus starting with the fourth session of differen 
learning. 


Results 

During initial data collection it wa: 
the letter E did not stop the elec 
the reaction times to the M = 4e 
corded, Therefore, all data for th 
sideration although the subjects co 
throughout so as to achiev, 


Session 
°—*2 RHT-6844| 
°—°3 AT=6794 


152 logs M 
113 logo M 


eem bits sec. 
NT uro sec. 
A 


71H bits sec. 


Reaction time 
co 
le] 
o 


Session 
*—* AT=598+102 log, M 
0—39 AT=567+90 log, M 


Fic. 1. 
(sessions), 


P 


RETRIEVAL TIME 
ME AS A FUNCTION OF MEMORY ENSEMBLE SIZE 18 
9) 


was introduced a à 
t the beginni f 1 
of va median ginning of that session. Each d iti 
S h ata 
It is na for c subject. Each median was based E 16 voe a. 
rom Figure 1 that the fi s ponses. 
confirmed: A: e first two prediction: 

: As : s (see ^ 
relationship Maren UN ue with Oldfield’s derivation (1966) eee v Men. 
Sond urbe D vocal naming latency and log memory ensemble ea y end 

E nt decreases sy: i : - SIZE; BO due 
Sessa systematically with ` 
oie ry b : i ith practice from 6:6 i 
of y» fae 2 — 2 ym 6. Itis clear, however, that usi a te 
. . derive Idfield fo: i sine] imate 
materials still 7 r meaningful stimulus and 
exceeds by far the 11-2 bits/s S SEDE 
, : ec. : 
E in the sixth session i fate GP memory THESE noted 
t is clea i i 
from 684 she vo Figure 1 that the intercept constants decreased with practic 
: : ice 
Sene | . on Session 2 to 567 msec. on Session 6. Th ; 
E $ : : . erefore, the 
si si MEE proficient at stimulus encoding and/or ensemble mm 
en continued from Session 2 through Session 6. An analysis of ish es 
Sere dul d a ees in Figure 1 showed that both memory load and d 
ically significant at P oor, while their interaction was odii p 


P «oos. 
Fi a 
d ieee * a summary of the data from the special test session which were collected 
Encian (E Bu following the sixth differential learning session. "The upper 
dienen ^ ) was determined by following the same procedure as in earlier 
earning sessions: the subject was required to pronounce the full name 
e.g. “A-24”) for each of the figures. 


e "mis - 
jets designation plus specific figure name, 
wer function (N/E) was determined in the special test wherein the experi- 


menter Rar epiac 
announced the ensemble designation just prior to the occurrence of each 
ecific figure name, e.g. Soda 


fi 
gure, and so the subjects emitted only the sp 
There is no statistically significant 


T : 
. The fitted equations are listed in Figure 2. 
(P005), but 


diffe. 
re x A 
nce in slope for these two functions the full-name function 


141 bits/sec. 


. 
o 


iia 


Reaction time (msec.) 
A 
o 
o 


m Test 
condition 
oo (E+N) ART=625+71 logo M 
o—o (ME) RT=441+83 loge M 


500 


3 


2 


logo memory (M) 
e size (M) for a 


memory ensembl: 
dvance informa- 


Jatency as a function of s 
bjects were given a 


Fic 
Normal = Average naming response 1 
tion on sting (E + N) and for special testing (N/E) wherein su 

ensemble designation. 
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(E + N) is significantly inferior overall (P<o-o1) to the name-given-ensemble 
function (N/E). Thus, memory retrieval time was the same in both tests, but 
as predicted, the intercepts differ significantly. We may infer, then, that ensemble 
selection per se required approximately 184 msec. under normal testing on this 
final session. Once selected, memory retrieval from ensemble occurred at a rate 
of approximately 13 bits/sec. (the reciprocal of the average of the two slope con- 
stants in Fig. 2.) 


Discussion 


central, long-term 
memory ensemble 


itisa Step associated with memory processing. Since the above data indicate 
M rae it follows that selection of a memory ensemble must occur aftet un 
Bum stage but before the memory search and comparison stages a 
boni its d uan This in turn suggests that Sperling (1967) may a 
between initial cx 1 proposing the presence of a ‘ recognition buffer-mem the 
recognition b Bim storage and long-term storage. Sperling propose orf 
im, and He aen a component specifically for his short-term ae oe 
feared of input ipfo at it simply selects and stores programs for 2 a its 


RETRIEVAL TIME AS A FUNCTION OF MEMORY ENSEMBLE SIZE IQI 


indicate that such a buffer can respond to input familiarity so as to select an 
appropriate long-term memory ensemble for further search. 


tional Science Foundation through grant GN 534.1 
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Fundamentals of Skill. By A. T. Welford. London: Methuen, 1967. Pp. 426. £3 105 


Dr. Welford spent more than 20 years in the Psychological Laboratory in Cambridge 
as Lecturer and formerly as Director of the Nuffield Unit for Research into Problems © 
Ageing, and now he has recorded his experience and understanding of both pure and applied 
psychological problems in this book. For my part, as an undergraduate I listened entu 
astically to his lectures; I helped at his practical classes while a research student; and mor 
recently assisted him in the production of an advanced course on human experimenta 
psychology. I am therefore very pleased to have the benefits of his teaching and researe 
recorded in detail. ts 

The book is exactly what its title suggests, an analysis of the psychological comport o 
of skilled performance, as studied both in the laboratory and in the field. ‘The scope of m 
book is very wide and its coverage equally comprehensive; the bibliography lists over 1° rs 
references, Principally it consists of a review, in varying detail, and a synthesis of xp 
ments relating to a number of topics in human psychology which have proved of incre 
importance in recent years. The underlying ideas are derived more from the mathemati ) 
theory of communication than anywhere else and are applied to reaction times (extensive = 
control of movement, decision-making, both short and long-term memory, and to oe 
in long-term performance. Dr, Welford is at his best in the intuitive discussion of e ng 
performance, showing an authority and clarity of expression that come only from e 
first-hand acquaintance with the original research. The breadth of his comprehens! 5 
renders the book, in parts, invaluable. atio 
and decision theory, 


In his introduction Dr. Welfo 


Cybernetics, Shannon and Weaver's The Mathema 


CRM as 5 t 
S Statistical Decision Functions. However, the av heir 


e o H t ites 
original form are precise mathematical notions, and his dependence on the books he E 
is more distant than the reader might expect. An instance appears in the intro kn je! 
(p. 16). Welford describes the ch: : 


e well exemplified by the comment of an undelg al- 


iis imer goes on to speculate what the decision axis might represent unfortu xi ly 
the ge axis in the signal-detection model is not sufficiently well defined operato cop 
for this to be a meaningful question. This part of the book would certainly haV |. ion 


E k acti 
was in draft. In the chapter on choice-!€ thet 


discussed briefly and in intuitive fashion- 


192 
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greater space is gi 
given to the Co: icati 
aupreseitaton, "T munication Theory model, whi i 
i ` y " ch i 
Mahena Um ee of choice-reaction times given dune fina dhe too bai Seog 
Elsewhere: plicity, but more accurate and more informativ. serait c 
ep " e accounts are available 
beu. unsatisfactory chapter is the “Si 
e Dr. We one on “Single-channel o ion,” SU 
and his ju Siar s personally, has had the lion's share in the rise m A er n 
in a histriographic as sot due fallible. He is able to write with p ur eed 
intermittency d e, and it is interesting to discover how pr i ema 
ied ncy bseloped, Pus hesbeo seco CISC vp esent ideas about central 
y available i al: unts in disproportionate detail i i 
high : in other recent writings, and which, i ue mieten] dibus 
quality. Th À h which, research-wise, is not of i 
detail (thi . e trouble is that these ideas hi | DE paren 
Mi easi : ave never been spelled out i itati 
which een. is not attempted in the book), and the analyses of pect oes 
es supporting evid i h Mr 
original me g ence, are generally not appropriat th isi 3 
Medea DE W, : priate to the precision of the 
say, R. T. ON 9 r. Welford’s treatment here compares but i 
a .T. 1 H oorly wi: 
single-channel pow (in the Journal of Mathematical Psychology, chess 
Feaction time ai as a potential explanation of temporal uncertainty effects in à i 
Welford, and es ens Mes a great deal more precision and S remtanding Ss 
Tasi seedi ed that “the predictions seem to be fairly serio ? 
e usly wrong." 
ëss mee ook chapters Dr. Welford deals with other aspects of n pum 
treats with D nc therefore less amenable to explicit formulation. These later m pe 
namely, the E and understanding, and displays his most winning eT 
may or may it ol to organize his material within a simple conceptual framework. One 
Of expetimenta approve his choice of framework, but it certainly makes a wide spectrum 
to time the ion easy to comprehend and renders the text very readable. From time 
bance of Vo Poi word “information” reappears, generally signalling a temporary distur- 
alanced understanding and clarity and, above all, honest common sense, 
> 


which cl ; 
haracterize the latter part of the book. In general, I think it difficult to acquire, 
f long-term performance, and of their inter- 


at seci : 

stone a a nice understanding of skill, o 

to help th e personality of the individual; but Dr. Welford has done a very great deal 

This ish reader on his way. 

reading d be of some use in undergraduate teaching, particularly as collateral 
oon, |n urse of lectures; but after the first three chapters, which contain material 
third-year st rum more accurately elsewhere, it tends to be a little too detailed, even for 
sid Dum. udents. The book will be very useful as a review and bibliography on skill 
n performance for years to come. The coverage of recently reported work is 


excellent 
and must have cost much labour in keeping up with the published literature. 
but its review capacity, as of autumn 1967, and its 


Tue > 
Provis eis e will date in this respect, 
of simple conceptual frameworks will be of continuing value for many years. 
D. R. J. LAMING 
Attention i CS 
ion in Discrimination Learning. By Elijah Lovejoy. London: Holden-Day. 1968. 


e +133. £478. 
E i . " 
tei ies starting to praise this monograph, I should declare my own bias. Lovejoy 
this m es a formal version of a two process model of discrimination learning in animals: 
deve] odel stems from ideas first put forward by Lashley and Krechevsky and more recently 
am road and extended by Lawrence, Terrace and House, Mackintosh and myself. | I 
mi strongly predisposed jn favour of the type of theorizing in which Lovejoy 
es. 
TS 
on tdci starts with an exceptiona 
an ani ultaneous discrimination learn to sel 
lack, mal being trained to choose black and av 
ack or to go to the left when black is to t 
ND right of white. Lovejoy conc 
€ habits, rath lect positiona 
e » t to selec 
Onfiguration. er than to S P 


when trained 


ssion of whether animals 
For example, 


li or to select responses. 
oid white, could learn either always to approach 
he left of white and to go to the right when 
Judes that animals tend to learn approach- 
] responses on the basis of the stimulus 


lly clear discu: 
lect stimu 
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He next discusses the question of whether animals’ behaviour is controlled by more than 
one cue at atime. He presents arguments on both sides of the case but concludes that at 
least for the purpose of model building we can assume that within a trial animals are cona 
trolled by only one cue except in special cases such as conditional discrimination learning. 
'This assumption seems to me rather implausible when one considers the complexity of 
perception. How many cues do we use when we recognize a human face and how many 
cues does a rat use to decide that it is in a jumping stand? Lovejoy describes a new experi- 
ment of his own on this problem but, despite the ingenuity of the experiment, the results 
as he admits are not completely convincing. 3 

The most important section of the book is his description of his own formalized version 
of a two process model of discrimination learning and the results of a computer simulation 
involving the running of stat-rats. The model is elegant and ingenious and the simulation 
proves unequivocally that some of the predictions others have derived from loose verba 
models of selective attention really can be generated by a formal model. In particular, 
his stat-rats exhibited position habits very similar to those exhibited by real rats, they dis- 
Played the overtraining reversal effect when the relevant cue was not too salient and they 
showed no ORE when the relevant cue was the most salient cue; they exhibited negative 
correlations between the amount learned about two relevant cues, and when more than 
one cue was relevant, breadth of learning was greater under partial reinforcement than 
under consistent reinforcement. soy’ 

It is true that, compared with many formal models of the learning process, Lovejoy > 
has a large number of free parameters (nine when there are three cues and one addition? 
parameter for each additional cue). On the other hand, the range of phenomena to whic 
the model is applicable appears to be very much wider than in the case of any previous y 
published formal model and once the parameters are fixed to account for the results of a given 
experiment, the model can be tested by discovering whether the results of many differen 
experiments can be obtained with the same Parameter settings. There area great many othe 
phenomena to which the model should be applicable and it is to be hoped that Lovejoy 


will continue his simulation to explore in detail the strengths (and possible weaknesses 
of his model, 


pD 
N. S. SUTHERLAN 


fe pras and Vision. By Alfred L. Yarbus, "Translated by Basil Haigh. T 
£ a itor, Lorrin A. Riggs. New York: Plenum Press. 1967. Pp. xiii + 


ans^ 
222 


n 
D i work of the Russian ici us have ber 
appearing in English-language journals for the last EERE = Ee his 
graph is very welcome. It describes his experiments on the recording of all types ? 
movements and on stabilised images. g 
Tae technical care with which the experiments were conducted is impressive. 

a detailed and helpful account of the construction of the “caps” which, fixed to the ©) 
are the basis of all the work. After reading this, and the fascinating and coherent descr 
tion of the experiments on stabilized images, one emerges convinced that the caps ! bet? 
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the eye as firml 
A y as the author implies. i i i 
Eea Saw eed : plies. There remains a puzzling conflict between Yarbus's 
Sud wists. Y me ges of constant luminance always “become and remain an 
puel seed vie Eee recurrent reappearances found by all other — à 
own that the residual move f ilized i i = 
7 HONE eene e ments of the stabilized images in hi 
to be visually effecti n i i tige s 
eee : al lly e ective. It would be inter 
The cele cinco quality of the stabilized images in different [Remake S csse uou: 
does have te mc of the book is evidence of the translator’s skill. een the read 
enpeuine” Im gb in ree For instance, it seemed to me that in Ghapter II “dice 
a n etimes to “being invisible" 3 
: becoming br e read as "being invisible" rather than, as one expects, 
s Ya "s bibli ; 
ds ges $ ae it would be possible to make a collection of papers from 
N iterature dealing with almost all the topi 
etd opics covered here. Many of 
dive, et vpn antedate those of Yarbus. Most would be more detailed and Mem 
theless ion contain more searching discussions of causation, and explanation. Never- 
Shien : d ook, as well as confirming old findings and presenting new ones, is for many 
Reece most convenient account available. It covers concisely a wide range of topics, 
P mpm and stimulating, and contains numerous helpful illustrations, some in calc: 
Rings bicod, which Yarbus has covered in his own experiments is particularly FEET 
bak v3 = in his preface, “In the field of Psychology one would perhaps need to Ed 
e nonsense-syllable experiments of Ebbinghaus to find an experimenter so 


enthusiasti iti i i à 
lastically exploiting a new experimental technique." I am tempted to produce some 
hat circumstances does a black-white bipartite 


ips to entice future readers: Under w! 
Cow uniformly bright red (though with its outer edge visible), and then bright blue? 
JB Pe we estimate the length of a spiral as a multiple of the length of a small straight 
Pre oe at its centre only if we are allowed to make voluntary eye movements, but not 
This oclo B fixate, even though the spiral remains clearly visible during the fixation? 
but Should. h ould not be thought of as a research monograph of interest only to specialists, 
Physiologi in spite of its price, be available to all students of perception, from retinal 
ogists to cognitive psychologists. 
PAuL WHITTLE 


Nineteenth Century Cases. Vol. I, France; 


ia: Vol. LII, Russia and Poland, 


Ab; k 
normal Hypnotic Phenomena: a Survey of 
d Scandinavia: 


V. : 

ni 1i, Belgium, the Netherlands, Germany an 
y, Spain, Portugal and Latin America; Vol. IV, The United States of America and 
London: Churchill. 1967-8. Pp. viii + 


"sd Britain. Edited by Eric J. Dingwall. 
viii + 256 + viii + 216 + viii + 174. 509. each volume, or 160s. the set. 
Pos his General Introduction to this series of volumes the editor, Dr. E. J. Dingwall, 
5 that their object is “to fill a gap in the literature of hypnotism ın anumber of countries.” 
SH E concerned is the one left by the failure of most writers on hypnotism to deal 
trans he somewhat numerous reports of “paranormal phenomena’ (such as thought- 
eee eyeless sight, clairvoyance and "suggestion at à distance") which figured 
and inently in the early history of the subject. There is no doubt that such a gap exists, 
not no doubt that the volumes under review go a long way towards filling it. They do 
» indeed, in any real sense constitute a history; they are precisely what they purport to 
Wiss survey of cases, with appropriate background information and critical comment. 
ithin that limit they are in considerable part successful, and some of the contributions— 
especially Dr. Dingwall’s own—seem to me to strike a high level of scholarship and critical 


acumen. Anyone who may aspire to writing a full and balanced history of hypnotism, 
the intimate relationship between mesmeric phenomena 


i zn a at understanding 1 i igi ts, will find these 
studi nineteenth century and the genesis of certain religious movements, Wl 
les essential reading. p 
ee material surveyed is at times 0: Most of the Em 
d are extremely guarded on the issue of wh f aes c 
$e rrences described could have been genuine. -. e cases cite 
em simply to illustrate varieties of human credulit: But a 


n historic interest. 

ether or not any © 
The great majority © 
y and of experimental error. 


f more tha 
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i in’s clair- 
few—for example those of Adolphe Didier, the famous “clairvoyant,” of pee in 
voyant subject Miss D., and of ‘Mme Léonie’ with whom Janet and Gi S Schell 
experiments on hypnosis at a distance—are very curious, and at the least m e md 
may be leakages of information from experimenter to subject along A E pe 
than any which workers on “experimenter affects" have so far uncovered. Som ace 
nineteenth century case reports bear, it is perhaps worth noting, a strong resem! 
ones currently emanating from the Soviet Union. ] ! i = iud 

'This unique survey of "fringe" cases raises other interesting issues of various 
erpriced. 
and at £8 the set of volumes cannot be regarded as overp: — m 


ional 

Research and Experiment in Stuttering. By H. R. Beech and Fay Fransella. f. 
Series of Monographs in Experimental Psychology. Vol. 6. Oxford: Pergamo 
Pp. xi + 224. 70s. : d" 

To attempt to review even “certain issues illustrative of problem areas in fn 
in a literature as diverse as that on stuttering is courageous. Even these issues rang! s id 
the effect of sugar placebos, carbon dioxide and tranquillizers through paa dc 
goal setting to operant conditioning and delayed auditory feedback in a openssl object 
400 references, Unfortunately the sum of all this disparate research is more a realize 
lesson in experimental procedure than a corpus of knowledge on stuttering. This 1s the en 
by the authors, who do not attempt to draw more than a few simple conclusions at 
of each chapter. " definition. 

As in a number of areas of speech research, the central problem is one of de tobe 
The vast majority of studies reported here treat stutterers as a homogeneous pA o 
compared with a group of controls. Only once do we get a mention of the E Us en 

is when we are told that the variation within the stutterers was greater than that be ME 
the stutterers and the controls. The authors rightly assert that there is no eviden 
Suppose that stuttering is a unitary disorder. honetic 

Perhaps the most surprising lacuna in the research is the almost total lack of p study 
analysis of stuttered Speech or of the words most likely to be stuttered. The one tered, 
which has considered this has shown that initial rather than final words tend to be stut nants 
and consonants rather than vowels, moreover there was a large subjects by conso 
interaction. It is perhaps at this level that basic definition must start. time. 
i heories of stuttering are given rather an easy ately 
ering persists because it is the activity ime ene 
escapes unscathed. Nor is the experimental ev biccts 
It is thought of “great interest" that normal su rele 
rn off an electric shock. This surely has as little men 
tutterer as the operant conditioning of an arm move! 
has to Parkinsonism, 

The faults of the book derive lar; 
from the reviewing itself. Th 
more experimental research o 


than 
gely from the research material reviewed cs t 
e authors have performed a service in bringing toget 
n a little understood disability. c.J.P ARWIN 


s and 
Developments in Applied Psycholinguistics Research. Edited by Sheldon Rosenberg 
James Koplin. New York: Collier MacMillan, 1968. Pp. vii + 311. 84s. the 
This collection of Papers, concerned Primarily with language pathology, represents 


E X nguisti 
completion of a project that began with the publication of Directions in Psycholing™ 
(ed. Rosenberg) in 1965. 


— 


BOOK REVIEWS 197 


learn the surfa 
ce structure of adult English, i i 
that e iie ead oe: nglish, it would be desirable to teach an English 
T «sat sely to the deep structure. In another excellent paper Goodglass 
ieee riable which facilitates speech production in agrammatic aphasics, but i 
a den eis fluent aphasics who have no specific grammatical impairment. rore 
eh T ew eee ei m “disattention hypothesis" to account for schizophrenic 
- postulate that the schizophrenics' difficulty i ing i 

© tan badly bd wd c p! culty in rote learning is solely due 

c withdraw attention from distracti i i y 
Aa z ing stimuli. In contrast, S in’ 
i ouem on the language of the retarded is severly practical. He a 
C^ pln o be the unfortunate limitations of negative reinforcers in the shaping of language— 
d young child whose hand is caught in a fence may be more likely to cry than to emit 
of ie pns verbal response that can be reinforced by releasing the hand . . . if a program 
oy a control is established for a child, the child will very likely attempt to avoid the 
En EE in training." Rosenberg summarizes the papers and expounds the critical 
omini between the two main competing theories: the “innate language-acquisition 
“ao EE Sonen learning theory. They are not resolved: the gulf between them is 
lee a d etween rationalism and empiricism 1n philosophy, with which it has obvious 
m m of one or two indifferent papers, this is a valuable book which should be read 

nly by psycholinguists, but by clinical psychologists concerned with language disorders. 
P. C. WasoN 


eg eem and Capacity. Proceedings of the 4th International Interdisciplinary Conference 
Ne earning, Remembering and Forgetting. Vol. IV. Edited by Daniel P. Kimble. 
w York: N.Y. Academy of Sciences. 1968. Pp. 245- 
e his book has as its contributors a number of distinguished behavioural scientists. 
si perenna) of such a gathering seems to have been dissipated, however, by the form in 
2 “ the conference is presented. The book appears to be a direct transcription of the 
E conference proceedings. This gives the text a disconnected character which is 
a asized by the extremely short individual contributions of about 1000 words. This 
a seems best described as being three written discussion periods, and as such contains 
the inherent difficulties of free discussion, especially that of the main topic being lost 


amidst points which are peripheral. 
The first subject discussed is the relationship between active movement and knowledge 
e visual direction. The main discussions revolve around possible models which might 
elp explain visually determined reaching and the explanation for the observed results of 
visual deprivation in both kitten and monkey. f 
s The second topic is concerned with the effect of restricted and other experimental 
eating procedures on subsequent learning and perceptual discrimination, and the third 
With the differing effects of hormones or deprivation of hormones at various stages 1n the 
development of the organism, and the subsequent effects of such treatment. 
_ There is a good deal of interest in the book as a whole, but because no speaker presents 
his research or his views in any orderly manner, extracting information presents extreme 


difficulties; this i i f an index. 
es; thi trying by the complete absence of an index. 
; this is made even more try! g by ee O 


New York and London: 


Pp. 290. 378: 


By Robert Plutchik. 
New Jersey: 


athena! of Experimental Research. 3 3 
arper and Row (Harper’s Experimental Psychology Series). 1968. + 
a Derimental Psychology: A Methodological Appraoch. By F. J. McGuigan. 

rentice-Hall. 1968. (2nd Edn). Pp- 40% 79* 6d. m—-: 
Both of these b d with methodology and the design © experiments, 

d ook: concerned Wi 3 Es i 

yet in style and cent aay could hardly differ more widely. | Plutchik’s paperback volume 
is a lively and highly readable introduction to the subject, pitched at the level of the ahis 
undergraduate or beginning graduate student, while presupposing lise pines Aa 
mathe i he book is ex erimentation as à ecision-taking 
pim qn sage Theitheme of M1 srob ind techniques of decision-taking 


Process and successive chapters discuss the problems an 
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4 ; T ncepts 
at different levels or stages of eiie e is poema eben e 
(including an elegant critique of operationism), o ee e oi 2 DONE and 
bias and control, experimental design, the treatment o: nctiona bs fie tee qoe 
i concepts of causality and inference. There is one beautifu y ds 
die eret c bei but the book is not concerned with MPEG arene 
as such, and in no sense attempts to be a statistics text. In the same ux ders valide 
is spent in discussing conventional experimental design Mi e b f disciplines, and 
analyses. His arguments are illustrated from a refreshingly wide a ‘Reon E er 
the discussion of methodology is never allowed to become an end in itself bu ether Gon 
related to the historical intellectual process from which it derives. There is : iR on 
ventional chapter on psychophysics with—from the particular angle of this «e ils off at 
prisingly sketchy treatment of signal detection theory. 'The book somewhat. E ece 
the end with a short chapter on instrumentation in research. But these are min: 
in a book which is sometimes original, always lively, never pompous or — -— 
By contrast, McGuigan’s text, aimed explicitly at an elementary undergra on on Es 
is heavily pedestrian. The core of the book consists of seven chapters (200 ee eon! 
perimental design and statistical methods, treated in very considerable Se ad eee 
for example, quite elaborate factorial designs and a detailed Presentation fo} cations 
Range-Test—and employing an integrated treatment of both "design and EMI d 
procedures which should be useful. This central section of the book is preceded and ST bases 
by chapters which “explore such questions as the nature of science" and the logic: ing 
'The whole is written in a banal, didactic, rather puso on 
style guaranteed to deter all but the most doggedly persistent, and illustrated eee igan 
by irritatingly trivial examples to match. Thus in a footnote on page five Mari diss 
relating to intervening variables of any kind will as ADN 
nlikely that your elementary work will involve hypot! TA 
ect this means that the problems of experimental bad 
are discussed solely in relation to experiments of an exploratory, descriptive, or E a 
collection variety, and “hypothesis” is used as equivalent to “prediction.” The syste OE 
interrelation of experiment and theory, the derivation of crucial predictions, in a nus 
y not considered. Anything more fatally one 
o scientific methodology, more especially in wer 
uction to the philosophy of science, this revie 
finds difficult to imagine, albeit this book is by no means the first of its kind. 


D. A. ALLPORT 


leading (and sterile) in an introduction t 


" i TE 
n osphresiological esay. By W. McCartney. Berlin, Heidelbe 


viii + 249. 8vo. D.M. 36, $9.00. By R- 
sification: A Multidisciplinary Examination. By 68. 
; E. G. Bate Smith and D. G. Land. London: J. & A. Churchill Ltd. 19 


ittle space in the modern textbook, this is not for lack pa 
Peculative literature. The Past 20 years, p 
chromatographic techniques and the like ak- 
nd sometimes raised the hope of a fundamental bre 


provided by tracker dogs, a topic to which Dr. 
isatruly astonishing story in which the developm 
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skills directed i iss : 
endless premere aes es it entem vitet Ded. «magical convictions, 
ves os t what it is the dog actually does and would-be scientific investi- 
gE WHEE zh a z pe seems virtually never water-tight. After some 70 years 
sad edd Con an : € à a number of massive monographs, dozens of papers 
sibility or discri — of Kynologists, it still remains uncertain just what the olfactory sen- 
smell in the ms and [che p rm s "d itandktadie pt ues coh 
Wesen mim g earching tasks which, seemingly, it carries out to the satisfaction 
dp homes n only a substantial opening course to a meal of great variety and some- 
Wii acca st order. Dr. McCartney touches on birds and fish, the “savage” and the 
in puli) n ers and perfumers as well as on such curious byways as the smell of minerals, 
araa area that of two flints knocked together, which, it seems, is attributable to adsorbed 
Ln py He gives some account, too, of earlier and more recent work on the 
db pe physiology of smell and passes in review physico-chemical theories of the 
mod € ion of the end-organ. ; His handling of all this is not devoid of critical judgement. 
igus TE: a pa that his criticisms are not directed to any convergent clarification of the 
benin Sm ole subject seems if anything, more confused at the end than it was at the 
hor g- wo points which underlie and partially explain the present confusion, 
wever, stand out with clarity. The first is the extraordinary sensitivity which the human 


E can display in certain conditions —a sensitivity which even the most refined of present- 
y methods of physico-chemical ana o match. The second, related, 


s lysis seems unable t 

question is that of the character and role of impurities in odiferous substances. In some 
instances these, occurring in quantities so small as to defy removal, seem to play an entirely 
disproportionate part in affecting the nature and strength of the odour of substances. The 
whole field of research remains open to 


the impact of fresh techniques. 
The second book, by a small group of workers who between them have biochemical, 
psychological and botanical interests, is 


devoted to a far narrower field. It provides a 
useful summary and discussion of previously constructed systems of nomenclature and 
classification and draws together earlier and more recent work in a form which is perhaps 
not available in any other single source. The outstanding interest of the volume lies, 
however, in the emphasis put on the psychological processes of verbal classification and 
rà memory factors in the perception and identification of smells. It is, perhaps, a little 
isappointing that the authors hardly do more tha 


n air these aspects generally and do not 
produce any fresh scheme of description or classification. ‘Their own empirical research 
inning of the book. It is difficult to jud 


is only briefly referred to at the begi ge the ultimate 


value of the present summary and discussion of previous work until these new experimental 
results are forthcoming. R. C. OLDFIELD 


By B. J. Fellows. Oxford: Pergamon 


xe Discrimination Process and Development. 
ress. 1968. Pp. 218. £3 158- 
The first half of this book is devoted to the problem of how children learn visual dis- 
criminations. 'The author reviews some of the evidence on the role of external orienting 
responses and on the part played by mechanisms of selective attention. - In the remainder 
of the book, he considers the difficulties young children have in discriminating between 
mirror images and between different rotations of the same shape. The influence of devel- 
opment on both processes is reviewed. X ^ 
The tone of the book is distinctly amiable. A large number of pde E 


with approval and i cited. Unfortunately, 
` many experiments are r om 
wide in his choice of A ui deal with any of it in rather a cursory 


that he is only able to à 
way and one feels he has not got down to out the wheat from the 


the business of sorting ; 
chaff. His own theory of discrimination learning is an f almost all previous 


amalgam 0: 
theories, but it does not seem to be rigorous enough to allow clear predictions to be drawn. 
It is never, for example, stated whether changes in orienting respo! nternal medi- 


nses or in i 
ating responses depend upon rewards and punishments oF whether they are learned in some 
other way. 
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i i matic 

Perhaps the most interesting part of the book is the ag of the "epar pue 

i devised to speed up discrimination earning in i. 

techniques that have been l c c e i haat gers Rep 
it is sti igorous explanation of why 

Although it is still not possible to give a ri t docens 

i t they provide food for g t 

e more successful than others, at leas z We 

M cem the fact that the author does not attempt to cut very deep (or in Se irap 
this fact), the book is clearly written and easy to read. It should iu Leu 
D i i i e k 

in an important field and provides a useful guide to a wide range o r3 Q9 0. 


ie ishing 
Human Color Perception. By Joseph J. Sheppard, Jr. New York: Elsevier Publishi 
Company. 1968. Pp. xvii + 192. £6. 


¿perimental 
This is “an attempt to provide an introduction to the critical study of the ee 
foundation of human color Perception” for the would-be research Folen M E 
an engineer by training, rather surprisingly disclaims the expertise Á to m Gi Pour aud 
necessary to cover the essentials of the subject,” but hopes to give : botl Th AIST 
some of the meat in each of the several subdivisions of color perception.” : ius book 
fulfilled, and Sheppard's modesty in accurately describing the limitations [5 E 
disarms criticism, The selection of material, although patchy, is sometimes re wen 
such as in its descriptions of the Physical properties of receptors. The writing eres a 
and some of the critical comments usefully dispel complacency with the current s 
the subject. 


PAuL WHITTLE 


A T ston 
Analysis of Behavioral Change. Edited by Lawrence Weiskrantz. New York, Evan 
and London: Harper and Row. 1968. Pp.447. $12.50. 

In his Introduction, 
reluctance to accept an 


rtain amount of repetition in 

are packed with carefully chosen data to 
cularly those by Weiskrantz) are replete 
book as a whole unusually stimulating, 

The first substantive Chapter is on 
most emphasis on the problems of i 
reinforcing stimulus, This is undoub vati 
claim that the effects of Such stimuli can be adequately represented only by includit, 
examination of Schedule-effects, a topic which is mentioned (by defining a few schedu 
but discussed in no Breat detail. 
explores the problems of analysing 
although there are some thoughtfu tiv 
importance of schedules of presentation (as shown by recent work) makes exhaus 
analysis difficult. A chapter on ‘Emotion’ i i 
outstanding, and certainly succeeds i 


n 
forcefully and elegantly. In addition, it suggests much useful and necessary research @, 
this topic. Chapters on “General Activity” (Gross) and “Exploratory Behav a 
(Halliday) provide rigorous reviews; although the relevance of the latter to “behavi0! y 
change" might have been made more explicit, The next four chapters, “Learning 


A 
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Sheldon, “Memory” by Weiskrantz, “Discrimination” by Cowey, and “Some Aspects of 
Attention” by Weiskrantz seem to suffer most from the difficulties of arbitrary fragmentation, 
for as their titles show, none can be really independent ofthe others. However, each chapter 
may be regarded as a useful interpretative essay, each being very firmly based on the ex- 
position of data rather than theories. In particular, the contribution by Cowey presents 
data from the whole range of the general topic, both learned and unlearned discriminations. 
In this and the chapter on attention, references to physiological research and to theories 
of interpretation are made with the apparent intention of complementing work on overt 
behaviour, not replacing it, and this is one of the overall themes of the book which this 
reviewer retains most strongly. One might claim that work on errorless discrimination 
learning has more importance in the context of the book’s aims than Cowey gives it, and also 
that the concept of "stimulus control" might be more carefully examined in his chapter 
and in that on attention. Following these chapters, there is a lengthy, but fascinating, 
review of “Alteration of Perception and Memory in Man” by Brenda Milner and H.-L. 
Teuber, which exhibits most adequately the emphasis on controlled experimentation for 
which these writers are admired. This contribution alone would make a viable book: 
the complexities of assessing behavioural changes in humans are most tellingly and clearly 
reviewed, mainly in the context of the effects of brain lesions, although the general impli- 
cations are always clear. There follow two further chapters on aspects of animal experi- 
mentation, “The Neurological Examination of Animals” by Ettlinger, and “Ethological 
Methods of Observing Behavior” by Bateson. These chapters are less exciting, for al- 
though both examine areas of exceptional challenge and interest, they fail to develop their 
Points forcefully, and, indeed, both chapters are relatively short of data. One’s reactions 
are made more marked perhaps, by the contrast with the preceding contribution. The 


book concludes with two more general chapters by Weiskrantz, the first a useful considera- 
far as our appreciation of these helps us to 


tion of “inner workings” of organisms ins ions” i 

interpret behaviour, and the second, “Some Traps and Pontifications, making some sound 

general points about the interpretation of drug-effects on behaviour. — eee 
The above is intended to provide a brief indication of the contents © A ua ceed 

are many constructive points made which deserve discussion, so many that 1 


impossible in a review of this nature. n x 
In the light of recent publications (e.g. “Behavioral Pharmacology aoe ned 
Schuster), one might just query the reluctance of Weiskrantz - ; dar whether the data 
the interactions between drugs and behaviour. Moreovs che Sls ms of interpretation. 
presented in the book should be regarded as secondary to the eite as Weiskrantz 
Will the general problems discussed survive future cura nin chapters seems to be 
Suggests? In fact, one of the most outstanding features of the a n more data is needed, 
the pertinent exposition of data, and constructive suggestions whe et, rel 
Again, it is sometimes difficult to believe that the book is mainip on stealer dt should 
change. However, this book is to be most warmly yaon y aea aa es 
play a useful part in the development of behavioural science in hs pes d oe in a non-doc- 
its derivation of data from operant conditioning eget cn to any experimenters 
trinaire way, thereby, one hopes, revealing their genera = of some of its exponents. 
who may be deterred from this approach by Ga oa oretical discussions. Specific 
The same might be said for the book's physiological D A IIS ^i 

criticism is slight indeed in comparison tis book is useful. My copy has certainly been 
Perhaps the best adjective to descri 

used a great deal already. DEREK BLACKMAN 


202 “BOOK REVIEWS 


Publications Received 


Books 


Adjustment and Mental Health. By A. Arkoff. London and New York: McGraw Hill 
Book Co. 1968. Pp. xvi + 536. 83s. 6d. 


Space and Time. By R. Swinburne. London and Toronto: MacMillan Press. 1969. 
Pp. vii + 319. $9.00. 

Deviancy: The Psychology of Being Different. By J. L. Freedman and A. N. Doob. 
New York: Academic Press 1968. Pp. vii + 158. 75s. 


Human Adaptation and Its Failures. By L, Phillips. New York: Academic Press. 1969. 
Pp. xiii + 271. 98s. 


Formal Representation of Human Judgement. Edited by B. Kleinmuntz. London and 
New York: John Wiley & Sons Inc. 1968. Pp. xii + 273. 75s. 


Group Dynamics (Research & Theory. Edited by D. Cartwright and A. Zander London: 
Tavistock Publications. 1968. Pp. ix + 580. 65s. 


Frames of Mind. By L. Hudson. London: Methuen & Co. Ltd. 1968. Pp. ix + 134 
258. 


Industrial Training Handbook. Edited by J. W. Barber. London: Iliffe Books Ltd. 1968- 
Pp. 13 + 412. 7os. 


The Self in Social Interaction. Edited by C. Gordon and K. J. Gergen. London and New 
York: John Wiley & Sons Inc. 1968. Pp. xii + 473. 90s. 


The Regulation of Behavic By D. E. Lunzer. Staples Press. 1968. Pp. xvi + 397 
70s. 


Introduction to Theor 
Press. 1968. 7os, 


Digital Computing. By Richard S. Lehman and Daniel E, Bailey. New York: Jorn 
Wiley & Sons Inc. 1969. Pp. xxiv + 303. 79s. 


etical Linguistics. By John Lyons. London: Cambridge University 


Paperbacks 


M Human Use of Human Beings. By N. Wiener. 
186. 6s. 


The Beginnings of Modern Psychology. By W. M. O'Neil. Harmondsworth: Penguin 
Books. 1968. Pp. 153. 13s. 6d. 


Disorders of Memory and Learning. By G. A. Talland. Harmondsworth: Penguin Books 
1968. Pp. 176. 358. 6d. 


Assessment in Clinical Psychology. By C. E. Gathercole. Harmondsworth: Penguin 
Books. 1968, Pp. 174. 14s. 6d. 

Psychometric Assessment of the Individual Ch ild. dsworth? 
Penguin Books. 1968. Pp. 117. ideae VEN END 


I5s. 6d. 
The Ecological Perspective on Human Affairs. By H. S 
University Press, 1965. Pp. xi + 236. Mee ` 
The Nature of Emotion. Edited by M. B : iudi 
vous Y M. B. Arnold. Harmondsworth: Penguin 


London: Sphere Books. 1968. ppi 


» on 
prout and M. Sprout. Princet 


Ve 


Q. Jl exp. Psychol. (1969) 2x, 203-208 


EFFECTS OF GRAMMATICALNESS, 
PRESENTATION RATE, AND MESSAGE 
LENGTH ON AUDITORY SHORT-TERM 

MEMORY 


DAVID GERVER 
Department of Psychology, University of Durham 


te the effect of message structure, message 
itory short-term memory. Subjects were 
s at different levels of “grammaticalness’ 
dphones at 3-4 words/sec. or 6—7 words/ 
tured, shorter, and slower messages. 
nd encoding of information. 


The aim of this study was to demonstra 
length, and presentation rate upon aud 
asked to reproduce in writing message 
(Coleman, 1965) presented through hea 
Sec. "There was better recall of the more struc! 
The results are discussed in terms of acquisition ài 


INTRODUCTION 

at a very fast rate usually imposes severe 
hanisms of the hearer, particularly if the 
eriod of time, and if his subject matter 
does not deal with the problem of 


Having to attend to someone who speaks 
strain on the attention and memory mec 
speaker maintains a rapid delivery for a long p 


or style is complex. Though the present study c 
attention over long intervals, it is hoped that the results will demonstrate that the 


structure of the message, the length of the message, and the rate of delivery have a 
significant effect on the short-term memory performance of the hearer. 

In a recent review of the effects of rate of presentation, and message structure on 
recall of auditory messages (sets of digits or words), Neisser (1967) € n 
rapid presentation will have a detrimental effect on short-term memory when As o: 
presentation exceeds the rate at which items can be encoded. Aaronson og 5) 
and Norman (1966) have similarly suggested that, when 5 ko da x om 
exceeds rate of acquisition (i.e encoding), performance on sho r er rund 
tasks will suffer because of an initial failure to acquire a stimu els des 
through decay of an insufficiently acquired trace. orts his arg 


Neisser supp " 
by citing the work of Yntema, Wozencraft and Klem (1964), who € A 
ras impaired by rapid p 8-10 words/sec.); 


immediate recall of digits w resentation ( ae 
and suggest that inate the presentation of a slow list the pine an d mA 
sort of process that makes it easier for him to recall the list 4 suo ns pmi] 
ls not enpugl: fime for hun to perati thi Caen Aceordingtn 
rapidly." Yntema et al. employed a “slow” rate of 2-4 WOT ae ae eat 
Neisser, the effect of rapid presentation isagot SO -- er is the case, then one 
already been grouped, or structured, for the subject E ald be an important 
would expect that the linguistic structure of the message wou 


factor for the listener faced with a very fast speaker. 
203 
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. 1 T 
In coping with speech input the encoding procedures ia ig m 
would, then, involve the utilization of the syntactic and seman : La uis in Hit 
language which have recently been shown to play such s eim : emt 
perception of, and memory for, language. „The more highly arr iva ae 
input, the more readily it should be acquired (and hence recalle 2 ned nate 
presented since the subject will not have time to fit relatively unstructu bep. 
the syntactic and semantic frameworks so necessary for correct percep 
7 5. i E ; t 
Es. length may also affect the listener's ability to assimilate inim D. 
very fast rates of presentation. Yntema et al. (1964) also found better e 
shorter lists than for longer lists at fast rates of presentation, but not H aghéey 
presentation rates. Using rates of 3 words/sec. and 1 word every 3 sec., = onl 
and Pincus (1966) found a similar interaction between presentation r 
sequence length in a task involving immediate recall of letters, 


Method 
Materials 

The 40 word-sets (10 scales at eac 
(1965) were recorded without inton: 
at a fast rate, Word-sets of 


drawing words at random from samples of English prose; 1 


speech signal. of 

For the purposes of this study the original recording was processed with equal degr prox: 
compression and expansion to produce two stimulus tapes. The faster rate was aPP g 
6-7 words/sec.; the slower rat 


ta 
; € APPTOX. 3-4 words/sec. With the normal rate 5 said t0 
estimated at approx, 2°75 words/sec, (Carroll, 1964), speech at 3-4 words /sec. can be 


. oun E 
sound like rather fast normal speech, Whereas at 6—7 words/sec. speech is very fast and S 
rather clipped and abrupt, but still highly intelligible, 


Subjects 


The subjects were 20 undergraduate Psychology students. 


Js 
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Design 

For the purposes of this study the g-word sequences were designated as “longer”, and 
those of 7 words or less as “shorter.” A split-plot design was employed for which the 
subjects were divided into two groups, one of which heard the longer word-sets at the faster 
rate, and the shorter at the slower rate. The second group received the reverse order of 
Presentation. Half of the subjects received the slower rate of presentation first, and the 


other half the faster rate first. 


Procedure 

ubjects individually through Koss Pro-4 head- 
Subjects were told that they would hear more or 

to write down as much as they could recall 

Each word set was preceded by the word 

p of 30 sec. between word-sets. 


The recordings were played back to s 
pones, from a Ferrograph tape recorder. 
ess meaningful sets of words, and that they were 
of each word-set as soon as they had heard it. 

Ready” spoken at a normal rate. ‘There was a ga 


Results 


Table I presents a summary of the results, which were recorded in terms of per 


cent words correctly recalled in the correct order. 


TABLE I 
words correctly recalled in correct order 


Means and standard deviations of 


Rate of si 
presentation Fast o 
Level of i s = 
_ Brammaticalness I 2 3 4 x E 2 B $ = 
Short zas Gra Ory 736 68a 868 868 Ser 963 88 
c or 105 74 107 ir8 59 83. 8:0 A17 86 
66:6 762 83I 934 798 


bor 707 5*4 


-- 87 479 
g i p b 86 66 144 ir$ 121 101 gr 147 
= ses 549 609 747 6r3 767 8rs 826 949 836 
E 178 iro 9 gr To 12 2 gs 50 IZI 
à "EU 
i i i nd, in order to ensure homogeneity 0 
d misc und mj to arc-sin values. The analysis 


Variance s were trans 7 ; 
, the percentage scores effects (1) The effect of presentation rate Was 
g ificantly better 


9f variance sho 
` wed the follow! 8); signi 
signifi í Gp = 151-203 df. = 1 18) 98 
recall Pon bue d p beet h the faster presentation rate. 
rring with the slo cant beyond the 0'001 


wer than wit (m 
H so 
dub E : es of eran apr a recalled at the higher than 
= 52°81; d. = 3, 54)? 


LM bein, 
ignificantly more i : :on between 
nteraction betwee 
at the lower levels of grammaticalness. nificant 1 


There was no sig’ 
: à ultiple com- 
Presentation rate and level of grammaticalness. Scheffe on A diens 
Parisons on the transformed treatment sums (Edwards, 19 nificant beyon d 
tween presentation rates at all levels of grammaticalness to be sig 
the o 
"oor level. 4 . 1 = 8:88; d.f. — 1 
(3) The significant rate of presentation X groups aper ens eite 
"PP. o-o1), and the significant presentation Tate PASE 
» 
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(F = 3718; d.f. = 3, 54; P < o:001) both reflect the effect of length demi d 

In order to partial out the effects of length, presentation rate, and the We 
grammaticalness Scheffe's test was again carried out on transformed treatmen eat 
The decrement in recall for longer as opposed to shorter word-sets was Sen did 
beyond the o-oor level (4' = 3-0230, Crit. A = 1:6308). At the mae e 
difference between longer and shorter word-sets was significant beyond t ne Nr. 
level (A’ = 17749; Crit. A = 1:6308), while at the slower rate of pepe At 
difference was significant at the o-or level (4' = 1:2693; Crit. A = 1-182 b 
both rates of presentation the differences between recall of longer and shorter v 


sets were only significant at level 1 of grammaticalness. For the faster A 
21939 (P < o'oor), and for the slower rate A = r:2157 (P « oor). 
results are illustrated in Figure 1. 


100, 


90 


% words correctly recalled 
o 
[*] 

1 
^ 
1 
1 
1 
i 
H 
1 


I 2 3 4 


Level of grammaticainess 


-— 


FIGURE i. Mean Percentage of words correctly recalled at each level of grammaticalness: — 
Short slow; ew lee slows es. —, short fast; —, long fast. 


lower grammatical levels, 
recall error. 


TABLE II 


Order errors in recall — 
Fast , 
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Discussion 


The results of this experiment clearly support the conclusions of the many 
previous studies which have shown that syntactic structure facilitates retention and 
recall of language. ‘The greater the constraints imposed by the rules of the grammar 
from which the messages were constructed, the greater the ease of encoding and 
recall. Inspection of Figure 1, however, reveals that this does not appear to hold 
for shorter word-sets. Though there is a monotonic increasing relationship 
between grammaticalness and recall for longer word-sets, the relationship is non- 
;o words or more. The non-linearity of the 


monotonic for word-sets shorter by tw 
curves for shorter word-sets suggests perhaps that Coleman’s rules for generating 
in longer than in shorter 


word-sets are more likely to provide cues to structure 
word-sets. 


The overall effect of rate of presentation on subjects’ performance supports the 


assumption that some time is required for encoding and storage, but the lack of 
Significant interaction between presentation rate and level of grammaticalness does 
Not appear to support the hypothesis that faster presentation rate would impair 
recall of relatively unstructured material Inspection of the data shows, however, 
that when message length is taken into account, there was poorer recall of longer 
messages both at the faster presentation rate and at lower levels of grammaticalness. 
Since there is no significant differ call of longer and shorter messages at 


ence in re 
higher grammatical levels, the longer messages are within the memory span. It 
exceed the span when there is 


Would seem, then, that the longer messages only 

neither time nor structure enough with which to encode them. In other words, 
longer messages are more effective. ed when the structure is immediately 
available, and unstructured longer message vely encoded when 


enough time is available. 
These conclusions agree with Neisser's interpretation of previous k qe 
Pollack (1952) who suggested that subjects would show improvement e d s 
slower presentation rates because the extra time between items could 4 rs p 
encoding and organizing the stimulus information. Pollack suggett € P 
time immediately after the presentation of a stimulus is à critical one ecaus eu 
Processes which relate input to previously stored infirmos, peed = m 
Speech, then, ‘previously stored be interpreted in term 


information” can 
syntactic and semantic rules of language- 4 " te on recall are 
resentation ra 
The effects of message length, structure and p discussed by 


ly encod : 
s are more effecti 


work, and with 


perceptual process 


Consistent with the function of the type of two stage | ue 
inal capacity fast-decay DU er 
Aaronson (1967). Input may first be held in a large a Mss 


pacity secondary S 


Storage prio py a limited ca 
r to processin ya ‘ : e appears 
the x sige vale the primary system 1 both rapid and unstructured there app 


a 
to be a greater likelihood that, in the case of longer messages, oeaan 
before processing at the secondary stage- Though there are per RE ic i0 
data in the WAHRE study to permit any but the most tentative conc usions, ap 
allowing for the greater possibility of order errors 1n recall of longer messages 


of order errors d i ch errors occurred 

lysi z that a greater proportion of su 

E oes show g : t 

relie e, at lower levels of grammaticalness, and in longer 
> 


a ; 
t the slower presentation rat 
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messages. As would be expected, structure provides cues to ves E ms E 
recall, cues which are more important in longer sequences, E s is t 
tured, approach the limits of short-term memory capacity. Decrea "om andl 
available for processing the input, and/or decreasing the amount o ems 
available for perception (by increasing presentation rate through speec a tet Ha 
sion) has led to reduced accuracy in recall in terms of overall amount re indem 
not in terms of order errors. This result is to be expected if the fast pie Y 
rate exceeds acquisition rate, thereby reducing the amount of material avai : "-— 
recall. "The subject, therefore, has less material in store for restructuring o: 
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ERRORS AND ERROR DETECTION 
IN TYPING 


L. H. SHAFFER AND JANE HARDWICK 
Department of Psychology, University of Exeter 


ualified and trainee typists were 
ven a passage of prose that included pseudo-words 


and 

Lp words made up of random consonants. It was shown that trainees make 

e and detect relatively fewer errors. For all typists errors are made more 
words and are relatively less likely to be 


often per letter in long or degraded 
detected. 


T r 
he errors and error detections made by q 


examined, when they were gi 


Introduction 


d Hardwick, 1968, 1969, unpublished results) 
nce of skilled touch typists giv 


* 


In tw : 
n two previous papers (Shaffer an 
en systematically 


ana n 
E was made of the performa. 
ed texts to transcribe. Inallthe experiments reported the typist was instructed 


not 3 A r L 
Sede correct her errors, since time to completion Was the primary measure of 
o ; ; 

rmance. Analysis was thus based upon speed and error scores, with no 


ay to examine error detection. 
T a mechanism of error detection is of particular inter 
Prod nature of the skill, the typist 1s usually looking nei 

uced, nor at the letter in the text she has just copie 


let : 
E ahead of this in the text (Butsch, 1932). 
n the present experiment the typist Was instructed to stop as soon as she 


de s SM s 
io tected an error and retype the word in which it occurred. It was originally hoped 
examine speed of detection, but this was soon answered: most often the word was 


ab : s : 
andoned as soon as the error was made and if abandoned later 1t was simplest to 
ailed to override habit. However a classification of 


as: $ 

an that the typist had f classi 

E rors based upon subject and text variables provides an informative picture that 
Xpands our knowledge of the transcription process. 


rest in touch typing because, 
ther at the type she has just 
d but perhaps five to seven 


Method 
Subjects 
vele touch typists were taken from two populations differing in typing experience: these 
e 51 qualified typists from departments in the university and 33 trainees who had just 
he technical college. 
ere tested together. 


jal course at t j 
he trainees W' 


com 
pleted a secret: 
were tested one a 


niversity subje t a time, but t 
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Apparatus 


Each typist used the typewriter on which she normally worked or was trained. 

The text was a Passage of prose typed in double spacing on a foolscap sheet. A number of 
words in the passage, randomly located and covering different word lengths, were degraded 
such that half of these were reduced to nonsense words having syllabic structure and the 
other half to random Strings of consonants. 


Instruction 


that the text would include nonsense and random words, She was told to type as quickly 
as possible and if she felt she had made an error she should abandon the word immediately 
and retype it. (Sufficient margin was given in the text to accommodate word repeats 
without altering line layout.) 


Total errors 


he words in the text were classified as Long (>8 letters), Medium (6 to 8 letters) 
or Short (<6 letters); they were also classified as Real, Nonsense or Random (se¢ 


is 
a ove). There were 1426 letters of text and their distribution in classes of word i 
Shown in "Table I. 


833 (45) 


130 (14) 8 8 461 (30) 
Short III (17) = [x ven uu 282 (25) 


f.=2) 
jon 

hand Structure errors appear far above expectat 

Random words i 

f=4)= 498, P < ooox. t wor 

Bc ent groups of subjects in differen 

lasses then it is shown that whereas their distributions of errors were similar 


they differed Significantly for word Structure, y? (d.f. = 2) = 92: 
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P coo A 

5, the qualified group maki i 
O : p making relatively few ` 
n Real words. The error scores are shown in Table To ee s 


a Tase II 
rror 7 j i 
frequencies by qualified and trainee typists as a function of word structure 


Se A ee 


z Real Nonsense Random 

alified 

"Trainee 250 182 385 
287 148 324 


Bane O o a n N O M l 


Error detections 
hose detected and those undetected then overall 


detected but these were distributed differently in 


the two subj : 
xtd E iens groups, relatively more detections occurring in the qualified grou 
«f. = 1) = 21, P < ooot. These scores are shown in Table III. In adidas 


there ACE 
were 32 false positives—abandonment of words correctly typed—but their 


occur; : x 
rence per subject is too low to warr 


B B 
de down errors into t 
one-third of errors were 


ant analysis. 


F Taste III 
P ; 
requencies of detected and undetected errors made by qualified and trainee typists 
; ——— Detected Undetected 
uali 
ified 314 (38) 503 
55° 


209 (28) 


Trainee 


Per cent detections are shown in brackets. 


ifferent word classes we obtain 
ficant relationship between 
there being relatively 
uch stronger relation- 


ected errors in d 
ble exhibits a signi 
= 2)= 69, P «oo» 
e right table exhibits a m 


iio qii detected and undet 

dete esults in Table IV. The left ta 

— and word length, x” (d.f. 

shi 7 cetections in Long words. Th 

fecha ia detection and word structure; x (af. = 2) = 34:6, P < 0'001, the 

AA ility of detection declining steadily between Real, Nonsense and Random 
Taste IV 
detected errors as à function of word class 


Frequencies of detected and ur 
Detected Undetected 


Detected Undetected 
Lo 
Medi 252 (30) 581 Real 217 (40) 320 
Sar 168 (36) 293 Nonsense 124 (38) 206 
Random 182 (26) 527 


Sho 


Per cent detections are shown in brackets. 
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In case detection probability varies over the conjoint classification of IM 
length and structure a x’ test fora three-way contingent relationship was carried out. 
This failed to reject the null hypothesis at the 5 per cent level. —-— 

There is reason to expect that qualified and trainee typists should V 
detection performance as a function of word structure. A y? test for a Hed 
contingent relationship between subject groups, detection and word structure al " 
to reject the null hypothesis at the 5 per cent level. However the largest eu 
term in the x? showed precisely that qualified typists tend to make relatively few 
undetected errors in Real words than trainees. 


Discussion 


: : ; toan 
Reducing Word structure or, to a lesser extent, increasing word length leads 
increase 


effect of typing experience on error performance is magnified with Real words E 
we are inclined to believe that on these the qualified typist detects relatively mor e 
her errors as well as make relatively few of them, although only the latter is dun 1 
to be statistically significant. In fact the detection probabilities obtained on Re » 
onsense and Random words were, 0°50, 0:43 and 0:29 for qualified and 0°32, 0:3 


acceptable risk of error. Loss of speed occurs if th 
that it can only be read in improvised fragments of 
transfer into and out of store. The j 


sj: uc 
€ readability of text reduces § ing 
Suboptimal length, thus ie : 
ncrease of errors in Nonsense or Long W' 


Wi 


à if a 
e have previously shown (1968) that errors may be classified as Response; i . 
adjacent to th 


: : sed; 
o one 1S pressed; Context, if two letters are transp ifa 
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was an omissio wi vi ca! 
SI n 
1 : nor ould have been a transposition. The results as far as they 
be classified are shown in Table V. However the ambiguities are resolved it 
3 i 
, 


appear: i 
ppears that error detection occurs in each class. 


á TABLE V 

» " 

equencies of detected and undetected errors in different categories of error 

E Detected Undetected 
sponse 

Reading 200 520 

Omission a 

onte s "a 
mission or cont ; E 

Miscellaneous jë = os 

33 105 


Mens 00000 08 UM 


L 
E. bolas oe that the basi ction is a comparison of feedback 
Sica Ga pns pra sthet with some derivation of the 
ted T abbitt, 1968). . Since the typist 1s reading ahead in the text then 
EE eading and Omission errors implies either that she uses regressive 
ments to re-cover the text or that she stores a copy of each text fragment 
vement but these were 


until it i E 
= is typed. Butsch (1932) recorded regressive eye-mo 
mpared with forward saccades. Again, if Context errors occur as a loss of 


Ordina nl ji . 
1 position in the output store then detection of these implies access to a copy 
nt applies to Response errors and the 


0 . 

dari da » this store. A similar argume 

retains a i o letters-in-store into responses. Whether each stage of transcription 

for all ley, of its input for error detection or whether an image of the text caters 

ever the els of feedback comparison isa question we cannot yet answer. What- 
nature of the image it must allow serial scanning in phase with the response 


Output. 


s of error dete 
obably kinesthetic, 
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Tesea; ze dk 
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RECOGNITION VS. RECALL: " 
STORAGE OR RETRIEVAL DIFFERENCES: 


RICHARD D, FREUND, JOHN W. BRELSFORD, JR.f AND 
RICHARD C. ATKINSON 


Stanford University, Stanford, California 94305 


(Atkinson and Shiffrin, 1968). 'Th 


2n / E ifferen- 
Whether Tecognition-reca]] differences may be observed in the absence of diff 
tial Storage processes. 


Consider the learnin air will 
alternatives is Well known to the Subject. The study of a stimulus-response p 
be assumed t i 


r = S1). 
At the time of test a retrieval operator R 


; 5 ation» 
is applied to this stored inform 
Which results in output O: 


O= R(T’). 
tion 9 
In short, the Output is a function R of what is Stored, which is in turn a func 
of the input: 
O= R(S(1)). 
T Present address: Yale University, New Haven, Conn., U.S.A. 
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This functi 
nctional representati 
x on i i 
a operations Loe in ete | aper Ea ae eb Pao 
cie age : [ and recall. Typically th bj 
xperimental session, is aw: i feccge 
m ai r , is aware of which mode of test is 
i t 
she " eed is | opportunity for utilization of different PE. 
ent retrieval operati If iti 
E m i perations. recognition and recall differ i 
is E ol PDAS iig ign is crucial to the differential storage is eiut of 
: st to be employed. Wi i 
Ee ieia ployed. ithout this knowled; 
RU nus adh wledge there cannot b 
~ 1 ence any performan i i E 
tieni ee yp ce differences may be attributed to 
n the “peri i i i 
Mens wc experiment, a list of paired associates was learned using an antici 
ieee uc m The procedure varied from the typical one, however, for an 
ride e tested either by recall or recognition on any trial, i.e. wien an ed 
ba m. on trial z the learner did not know how it was to be tested on trial 
rts us there was no opportunity for storage to take place in one way in 
e e n of a recall test, and in another way in anticipation of a recupaition 
hereto y observed differences between recognition and recall performance 
E ci would be attributable to different retrieval processes. Two control lists 
ie ge pm in the experiment, one learned employing recall tests throughout, 
other, recognition tests. For these lists the subject knew at all times bor 


wr 
n item was to be tested. 
Method 


‘ith each subject tested under all experimental 


A withi : . 
Pt ings, ap design was employed, w 
ns in each experimental session. "The two independent variables were: (1) method 


9f testi 

: ing—, ES B 

given is recall or recognition; and (2) whether or not the subject knew, when studying a 
mulus-response pair, how that pair was to be tested. 


Stimuli 
tmuli and responses 


ud stimuli were 432 three- 
reb e trigrams) of approxi 
Eight dis selected from the Glaze 
list on ifferent lists of 54 stimuli each were 

each session. Throughout the exper 


les (Consonant-Vowel-Consonant 


mately 20 to 50 per cent association values. They were 

list in Appendix A of Underwood and Schulz (1960). 
constructed. Each subject received a different 
iment the responses were the digits 1 to 9. 


letter nonsense syllab 


Appar, 

atus 

uli, and response recording were controlled by an on-line 
d and displayed on the face of a 


Dp. 
I computer. Stimuli were electronically generate 
es were made on an electric typewriter located directly 
vidual sound- 


Cat] 
eae tube (CRT). Respons 
ath the lower edge of the CRT. Each subject was seated in an indi 


Proo; n i 
fed experimental booth for each of his sessions. 


Pro å 
gramming, generation of stim 


Procedure 
A e " ; 
ere anticipatory paired-associate learning procedure was used. The subjects were 
n Stanford students who received two dollars per session. Three to five practice 
for each subject to insure his understanding of the 
t had fewer than 


Sessio; 

D ns on other lists were completed ect 1 d n 
were then initiated. No subjec 

1 of 65-subject sessions were 


Instruct; 
u 
ve mns The experimental sessions 
r more than seven experimental sessions, and a tota 
one of the 54-item lists was selected at random. 


were assigned randomly 


compl, 
This qe For each subject-session 
within each subdivided into three I : 

each 18-item list, with the restric as assigned to exactly two 


Stimuli, 


8-item lists. Responses 
tion that each response wi 
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Recognition (Ro): A second list of 18 items was always tested under recognition condi- 
tions. On a test the stimulus would appear on the CRT, along with the correct 
Tesponse and one incorrect (distractor) response. These response alternatives 
appeared to the right of the stimulus, one above the other, with the correct chota 
randomly located in the two positions. The subject’s task was to choose the p 
response for a given item from the two response alternatives displayed. The distracto 
was selected randomly on each trial for each recognition test, 


" . ] H i I: 
An item in this list could be tested either by recall or by recognition, the choice cU 
mined randomly at the time of test. Subjects were instructed that if the stimu 


WORT à ts 
A “trial” consisted of one presentation of all 54 items. Within a trial the order of Wi. : 
Was as follows: (1) A stimulus was selected from one of the three 18-item lists, e.g. from id 


7 i 
, and was presented for test. The subject Was given 3 sec. to respond; if he 


- o 
fast © appeared on the CRT encouraging e bys 
aster. Next, the correct answer for that stimulus was displayed for 0:75 sec., followe! the 


wae Inter-item interval, (2) A stimulus from one of the remaining two lists, e.g. from eco 
ixed list, was selected and presented for test. Again the test period duration was 3 $ 


1-00 


0-80 


0-60 


P (correct response) 


0:20 


3 4 5 6 7 8 9 IS 
Trial 
FiGURE 1. Mean Proportion of correct respon 


ditions 
á n 
a ses as a function of trials for all co 
—H—, Recognition; SSH Ese Tecognition mixed 


3 ; recall; =a O -, recall mixed. 
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correct feedback was displayed for 0-75 sec., and inter-item interval was o-50 sec. (3) A 
stimulus was selected from the remaining list (here, e.g. Recognition) for test and study just 
as for the two previous lists. Then this same order of selecting items would be repeated 
for three more items, and so on, until all 54 items had been tested. This represents trial 1. 
Each 18-item list was then instantly re-randomized and trial 2 began (without noticeable 
interruption). Ten such trials were completed in each session by each subject. Each day 
the Subject received a new list of 54 stimulus-response pairs tolearn. There are six permuta- 
tions of the orders of testing of Recall, Recognition and Mixed; these permutations were 
assigned randomly among the 11 subjects (but remained fixed for each subject over all his 
Sessions), 

Crucial to the design is the fact that subjects knew what type of item was being presented 
at all times. To emphasize the distinction between the three types of items, they were 
displayed in a different third (top, centre or bottom) of the CRT. In addition, the appro- 
Priate label RECALL, RECOGNITION Or MIXED appeared in capital letters to the far left of the 


Stimulus (and remained on during the test period) for the three types of items. 

The instructions explained the basic paired-associate learning task: learn the correct 
Pairings between the CVC’s and the digits. ‘The three types of procedures were described 
in approximately the same fashion as in this report. Subjects were not told the number of 
items to be learned. They were instructed to make guesses (from number 1 to 9) if 
they could not recall the correct response. On recognition tests subjects were required to 


choose between the two response alternatives displayed on the CRT. 
Results 
r each condition is plotted in Figure 1, 


The pri i rrect responses fo 
ps eus bug 4 There are approximately 1400 observa- 


averaged over all subjects and sessions. PI 
tions at each point = the Recall (Re) and Recognition (Ro) curves, and 700 


observations per point on the Recall Mixed (ReM) and Recognition usd 
(RoM) curves. Itis clear that Recognition did not differ from Recognition Mixed, 
and that Recall did not differ from Recall Mixed. Analysis of ne as pes 
formed on the observed proportion of correct responses, summed over the ten triats 


; i 
00 o ee. 


0:80 
0:60 


0-40 


P (correct response) 


0:20 


Trial ‘ 
i i ed for guessing 
t responses as 8 function of trials, correct! gu 

ion of correc! 


Ficurr 
: 2. t 
TF, Mean propor! Peale Fig. 1- 


°F explanation of symbols, see le; 
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for each subject and condition, using the Newman-Keuls method (Winer, 1962, 
p- 114). Revs. ReM and Ro vs. RoM did not approach significance. The four 
other pairwise comparisons (Re vs. Ro vs. RoM, Ro vs. ReM, ReM vs. RoM) were 
significant at the o-or level. 

In order to compare recognition and recall performance some account must be 
taken of correct responses attributable to chance. A correction procedure fre- 
quently used (Hilgard, 1951, p. 556) involves the following transformation: 


I—p 

Wy 59 

N-1 

where p denotes the observed proportion of correct responses in a given condition, 
5' the transformed proportion, and N the number of response alternatives (ie. 
N = 2 for recognition tests, and N = 9 for recall tests). One interpretation $ 
this transformation is that the observed proportion of correct responses 1$ 


s : items 
weighted average of those items correctly retrieved from memory and those ite 
correctly guessed. 
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Application of this correction for guessing yielded the data plotted in Figure 2. 
Because of the correction for guessing all curves start at or near zero proportion 
correct, The learning of the recognition items appears faster than that of the 
recall items. "The Newman-Keuls method of analysis of variance leads to rejection 
of the hypothesis that performance in the four conditions was equal (F = 18-48, 
df. = 3/30, P < o'o1) The six possible paired comparisons were then con- 
sidered, and again it was found that Re vs. ReM and Ro vs. RoM did not approach 
significance. All other comparisons were highly significant (P < oor). The 
reader should be alerted to the fact that these results are very much dependent 
upon the specific guessing correction employed; we shall return to this point later 
when we consider an alternative method for correcting for guessing. 

An item in the mixed condition could be tested on any trial either by recall or by 
recognition. Figure 3 presents the proportion of correct responses on trial 2 for 
either type of test, conditionalized upon the mode of test on trial n-1 and also 
upon whether or not the response on trial m-1 was correct or an error. The 
legend code is P(C:i|j:k), where j — mode of test on trial 7, j= correct (C) or 


error (E) on trial n-1, and k = mode of test on trial 7-1. For example, in the 
upper panel of Figure 3 the uppermost curves labelled P(C:RoM|C:RoM), repre- 
ial n, given a correct response 


Sents the proportion of correct RoM responses on tri 


9n the previous RoM test trial for that item. — i | 
All curves in Figure 3 were tested for stationarity by Kendall’s tau for multiple 
observations. The hypothesis of a constant (conditional) proportion correct over 


trials could be rej ]l but tw t the oʻo5 level of significance. 
jected for all but two : 7 
he two stationary curves are both in th ly, P(C:RoM |E:RoM) 


and P(C:ReM | E:RoM). 
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Latencies of responses conditionalized upon whether the response was correct 
or incorrect are presented in Figure 4. While latencies of incorrect a 
remained fairly constant after the first trial (on which all responses were ion i 
guesses), the latencies for correct responses showed a steady decrease over ai 
course of the session. It appears that incorrect responses had equal latencies ] 
all conditions, constant at approximately 2-2 sec. For correct responses, the e 
recall curves decreased together and the two recognition curves decreased together; 
but the latter were consistently about o1 sec. slower at each trial. 


Discussion 


The results indicate that the assumption of differential storage processes 1$ = 
necessary to account for the differences between recognition and recall perfor ors 
ance. The argument can best be Presented by use of the simple caua 
introduced to relate input and output to the storage and retrieval opem 
Recognition and recall tests may logically employ different storage and retri ec: 
operations. Define S, and R, to be the Storage and retrieval operators, e 
tively, for the recognition condition. Similarly, S,, and R, are the storage ; 
retrieval operators for recall conditions. To represent the storage processes i 5 
mixed condition one more operator, S, is required. Note that retrieval 0n 


. aye B i ions 
mixed tests utilizes either Reor Re The output functions for the four condit 
are therefore as follows: 


Ro: O= R,(8,(1)) (1) 
RoM: O =R,,(S,(1)) (2) 
ReM: O = R.(S,(1)) (3) 


Re O= R,.(S,.(I)) (4) 


H t dard 
, Equations (1) and (2) show the relation between performance on the sta? e 
(i.e. where the test mode was known) 


Sd o 
S, we conclude that S,— S, The pu mer 
ns leads to the conclusion, by inspec 


H aan, t 

ied to the stored information. It was c eer D 
d performance differences occurred. The oreren 
account for the performance di 


. B 2 6 i 
While the preceding analysis is logically consistent, it could be argued that 2 ent: 
differential storage nor differential re jontic 


s à spe! 
ean trieval took place in the present exp* tica 
Rather, the Superiorit ition reflects a the greater value” of i a is 
n H o 
of the information, “The correct resp g as 
à recognition test which presents 2 F orm?" 
Recall Performance, given the same bit of partial 1 


information. For example, retrieval 


a high number," is quite valuable on 
response alternatives. 
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plied virtually perfect recognition performance on 


correctly recalling a response im 
failure to recognize an item led to near chance 


the following trial. Conversely, 
performance on the following trial for either test mode. 

The above mentioned argument against either storage or retrieval differences 
clearly employs a more limited use of the term “retrieval” than does the present 
paper. Shiffrin and Atkinson (1969) have classified retrieval into three primary 
mechanisms: search, recovery, and response generation. Search is the process of 
locating the stored information in memory. Recovery is the process by which 
some or all of the information is made available for the generation of a response. 
This response generation is considered to comprise all aspects of translating the 
recovered information into the desired response. These aspects include the 
development of guessing strategies adopted within the context of particular test 
requirements. In other words, retrieval (as used here) includes the differential 
utilization of partial information, and therefore the differences obtained may appro- 
Priately be attributed to “retrieval” processes. 

The finding that the conditional latencies for errors remain relatively constant 


while those for correct responses decrease Over trials, is the typical result for paired- 
The coincidence of the two 


associate studies of this type (cf. Bower, 1967. Th 
recognition conditions, and that of the two recall conditions, lends further support 
to the hypothesis that identical processes took place regardless of whether or not 


Subjects knew how they were to be tested. . 
More noteworthy is the fact that the correct recognition responses were con- 


Sistently slower, from trial 2 onward, than those for correct recall responses. - ee 
may be explained in part by the following model, which assumes that latencies tor 
responses retrieved ectly from memory have a fixed mean value L, whereas a 
i see! c lue L’. Thus error 
retrieval failure and subsequent guess has a fixed mean va Ks 
responses always have a mean latency L'. Correct responses ra w nee s 
Of a retrieval from memory or à correct Sum e y the la 
Correct responses represent a weighting of L and © - r " 
rs enone renta Peto ae mos wr due 
igher proportion of the correct responses 1n the en x pe wd d 
to correct guessing. The relative weight of L’ is therefore hig ape 
and the latencies for corrects wou d be expected to be € ddp 
aur da quantitative pa = S ree abilities of correct 
Weighting function in conjunction with the observe dim 
Tesponses at each trial, revealed that this model is a s as mm 
On correction of raw scores for chance success al js dependent upon the 
mnt dn the separation of storage and en The establishment of 
LeMSce of recognition-recall performant v w scores for guessing. The 
wh dieses aises i pier = ome this report. An alternative 
on common transformation = e nubis sam theory of signal detectability 
Tansfo A ores is prov DES (ation © 
airman of he rcd e a Ty 6S2 S88) 
recall and recognition performance. Table H 2 edi sales Louer on 
allows direct conversion of observed proportion OS 


function of the number of alternative responses. 


differences. 
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in 
The raw data of Figure 1 were transformed to d’ scores and ae 
Figure 5. The 9-choice values may be considered as the a o "ir. 
experiment's recall task if we ignore the fact of the physical a ede da 
alternatives at time of test. The g-choice values were obtained by p mer: 
theoretical g-choice function on normal-normal co-ordinates, gs so i Elliott 
and y-intercept, and applying the linear approximation formula given by 
(1964, p. 680). 


d' volue 


Trial 


jects aP 
, j ud subjec 
FIGURE 5. Mean values of d' as a function of trials for all conditions, averaged over 
sessions. For explanation of symbols, see legend to Figure 1. 


i» = — 
0:80 j~ Jao 
oor 30 
z 3 
E o 
"040. / lg 
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^ 
020r F. Ae 
s 
em 
= Two 
OF [8389] choice d 
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P = Observed Probability correct 
Ficure 6. Values of p’ and d' as a 
for the 2-choice and 9-choice tasks, 
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transformin. i 
TSD d’). g ipi 9 choice data by the standard correction for guessing (p’) and 
i DE canis transformation yields the linear relation between the 
dinate) h ility b and p'. The curved lines (to be read against the right-hand 
= show the d' value as a function of p aie 
ne a “reversal” as the ev hi i 
Terreni i Ye ev ent where one transformation of the data k 
Bede npe to g-choice and the other transformation yields the o mw 
"Y "d pa example of such a reversal occurs when the observed ess are 
A wanton Ps = oo (the subscripts indicate the number of alternatives) 
ion of these scores yields ; = 0! ich i me 
ia y ps = 0°60 which is gre 
: c ater than pọ = 
ee a d' transformation of the same scores yields a á = X99 wich is 
the k ui Sn 1°70. ese the same observed scores yield opposite ordering; 
ormation indicates that reco nition i i : 
A i gnition is superior to recal : 
[pem the opposite conclusion. P pus 
gure 7 plots the entire space of all possible observations of 5 and py. The two 


functi 
ctions plotted may be called iso-probability curves: they are the locus of values 


roof x 
o5 
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p 
a point falls below the linear 


Fic : 
URE 7, Relationship between p' and d'. (When the observed dat: 
indicate that rec all is better than recognition; for a data point 
; 


uncti, 

above th both the p’ and d’ corrections 

and q' e bowed function both yield recognition as superior to recall. In the middle region, the p 
corrections yield opposite conclusions.) , Data observed on recall and recognition. 


db and p, which must be observed to yield p; = ps (for the linear function) and 
Pons d, (for the bowed function). If both 2-choice and g-choice performance 

at chance (i.e. pp = 0°5° and f» = o-111) then by either transformation the two 
Performances will be judged equal and therefore the two curves intersect; the same 


i 

à a for the case where f» = Py = TOO: ; 
(p Onsider now some other points in this space. If the observed data point 
i n Po) lies above the linear functions then using the p transformation we conclude 
at recognition is better than recall (namely, that f» > Po)- However, using the 


p i oration, the observed data point (pa Po must fall above the bowed 
ction for us to reach the same conclusion (namely, that dj > d). Hence, any 
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data point bounded between the two functions will yield a reversal: the p’ correc- 
tion indicating that recognition is superior to recall, whereas the d' a 
yields the opposite conclusion. The data points for the present x 
(the observed values of 5» and py on each trial for the Re and Ro conditions) ar 
plotted in Figure 7, and as expected, lie in this middle region. : all 
It is clear that the question of whether or not recognition is superior to ET 
remains meaningless until the correction for guessing is specified and defendra 
The defence of any such correction rests upon an assumption: namely, that the 
correction employed is reasonable with respect to the stated theory about di 
nature of the memory trace. It is maintained, on the basis of the prece m- 
analysis, that special care must be given to the support of such assumptions beto 
recognition and recall can be compared in any meaningful way. 
nis- 
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SIZE CONSTANCY IN MONKEYS WITH 
INFEROTEMPORAL LESIONS 


N. K. HUMPHREY} AND L. WEISKRANTZT 
Psychological Laboratory, University of Cambridge 


In i 
zia ar size constancy, monkeys were trained with extended practice to 
xum DE arger of two projected stimulus discs independently of distance. 
Pea bmn cal brain lesions were made following pre-operative training, it was 
iam posterior parietal lesions caused no deficit on this task while infero- 
SESS CADET sions caused a severe breakdown from which three out of four animals 
pes most no recovery. Mathematical analysis showed that the pattern 
Sel ua rmance after inferotemporal lesions could be described as due to a 
és cy to oscillate between a correct” and two “incorrect strategies” and that this 
ency was also apparent to at least some extent in the unoperated animals. It 


is a i i i 
a that the two incorrect strategies might have resulted from a disturbance 
ize constancy, such that t able to use both retinal size and 


dist ; he animal became ur 
z buie information in computing physical size and instead used either retinal size 
istance information alone. 


per s Parallels are drawn between such an hypothetical 
ceptual disorder and certain clinical disturbances in man. 


Introduction 


cortex in monkeys creates à mosaic of deficits in the 
ich no single theory has been able to piece together. 


e fragmented, one simple possibility deserves 


he lesion produces à primary disturbance in the 
to distort visual experience 


on associative memory and 
ts on visual be- 


aged of the inferotemporal 
‘Ae ode of visual tasks wh 
NERONE themselves becom 
Set ration still. This is that the ! 

eption of visual form. Such a disturbance, acting 


of cs 
st ag events and hence necessarily leaving 1ts mark 
gery, could be responsible for many of the deleterious effec 


s which have been observed. 
clini ead to the kind of disturbance which might occur can beo 
a cases. There is a recurrent type of perceptual disorder in n à 
fi e by fluctuating changes in the size, shape and position of objects in the visual 
s ds (see Critchley, 19535 Willanger and Klee, 1966). Patients report that the 
oss world undergoes dramatic transformations: objects may grow suddenly 
rge or small, they may move 97 tilt to one side and their contours may become 
dically but 


nr, and undulating. The illusory changes sometimes occur spora 
€ likely to be brought on especially by prolonged fixation (Willanger and Klee, 


H a 
X 66). 'The disorder in man is associated with several types of central pathology. 
Can occur in cases of organic brain damage; where the lesion lies in the posterior 


rimental Psychology; 


btained from human 
der in man charac- 


rer address: The Institute of Expe 1 South Parks Road, Oxford, 
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parieto-temporal or occipital cortex. But very similar symptoms are found a 
cases of temporal lobe epilepsy (Penfield and Jasper, 1954), the early stages 0 
schizophrenia (Chapman, 1966), recovery from perceptual isolation (Heron, 
Doane and Scott, 1956), and mescalin intoxication (Mayer-Gross, Slater and Roth, 
1960); they can be produced also by direct electrical stimulation of parietal or 
temporal cortex (Hecaen, Penfield, Bertrand and Malmo, 1956). 

The research to be described here looked for evidence in inferotemporal T-« 
of a perceptual disorder potentially comparable to such disturbance in man. i 
was designed in particular to test a hypothesis about the functional origin of t 
disorder should it be present. This is, that it is due to a failure of percept? 
constancy for size and form, i.e. a failure in the process whereby the observation, 
context in which an object is seen. the observer's distance, position of his €y€* 


B . . . s] j om 
angle of regard—is taken into account in assessing the properties of the object fr 
its retinal image. 


Methods 
Outline of the experiment 


Monkeys were trained on a visual task requiring the judgement of size intl 
pendently of distance, Their performance was compared before and after AE 
brain lesions in the hope of detecting some change attributable to a failure 
constancy. 

The visual task was modelled on that used by Holway and Boring (1941) in t 
classical study of size Constancy in man. Holway and Boring asked their sub) 
to make size matches between a variable and a standard disc projected on screens a 
different distances down two long corridors, For the present study, instead © y 
sıze match a size discrimination was required, the monkeys being trained to choo 
the larger of two Projected discs. 07 

There Were two operated groups, the experimental group with bilateral infer 
temporal lesions and a contro] group with bilateral posterior parietal lesions: 


in theif 
ects 


Subjects 
P pos experimentally naive rhesus monkeys were subjects. ‘Three, PaPa 
gned to the control group and four, IT1-IT4, to the experimental group. 
Surgery 
by 
e 
a eo M induced with Nembutal, Subpial cortical excisions were et wi 
msc m c ae Sucker. At the end of the experiment the brains were partus with 
thionine. Hi " 1 ec in paraffin, sectioned at 20 » and every fifth section stain€ 
" istological Constructions of the lesions are shown in Figure 1 
Apparatus 
E a 
The stimuli Were presented as circular discs of light back-projected on to two ground doth 
re (21 h 16 cm.) in two well-lit corridors” formed by walls of heavily texture uld be 
igs. 1 n The screens and Projectors were mounted on trolleys which C? izes of 
pu E along rails, thus varying the distances of the stimuli from the animal a sp : 
the discs were controlled by iris diaphragms in the projectors The animal sat in 2 M P 
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FIGURE 1. 


est to him the animal was unable to see them 


ns were clos 
e stimuli he had to look down one corridor after the other. 
the window in front of the appropriate 
cally to a trough 


disc by pressing 

warded by 2 peanut delivered automati 

ct choice was mildly punished by the room lights being 

between trials a wooden screen covered the windows. 

aised allowing the animal to see the stimuli. 

wered—after à short delay in the case of a 

an incorrect one- The sizes of stimuli used were 
i cm. or 2 cm. against 

. The distances 

sumed for these 


Exe 
E n Mir the projection scree 
made E so that to compare th 
corridor 4 choice of the larger 
Just below desi choice was re 
Switched u e window; an incorre 
t the begi fora few seconds. In 
ginning of a trial the screen was r 


Whe 
n he had made his choice the screen was lo 
he case of 


iem 
+ Si 
used d that the larger disc was ? 
ered the range from 30 to 120 cm. from t 


Meas: 
ure) B * P 
ments that he sat with his head almost UP against the 
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Ficure 2. 


General view of the testing apparatus. 


Pre-operative testing schedule 


the 

nd a long period of Shaping was required. Initially (pre-op., Stage I T 
nds of the corridors, up against the i wee dm then 

ion of 27/30 correct on r day. The stimuli Als traine 
ingly further down the corridors and the anima uli were 
again to a criterion of 27/30 correct whatever the distance. "Trials in which the S followinÉ 
at unequal distances (pre-op., Stage II) were then introduced according to the ^ 
Schedule (see Table D. Each block 


: s B trials ™ 
of 30 trials contained 18 “equal distance ately wit 
12 "unequal distance trials.” The unequal distance trials were presented altern: 


TABLE I 
Schedule of trials within a single 30-trial block 


Positions of stimuli (cm.) 
Class of trial 


jock 
large small Number perse 
Equal 30-120 30-120 8 
L4X 120 30 2 
L2X 120 60 2 
60 30 2 
S4X 30 120 ? 
S2X 60 120 2 


30 60 e 
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FIGURE 3- Stimulus disc as seen through one of the windows. 


timuli on the equal 
xhole range from 3° to m. ‘The distances 
i trials in which 


sen as shown in the table so 4 
2X), 2 trials in which the larger 
ller stimulus 


equal di 
di. do trials in the middl 
9n the u IAS varied random 
the dece ne distance trials were cho 
Stimulus einge d was twice the distance of t 
Was twice i rs the distance of the smaller (L4X), 4 tria 
4 times the de istance of the larger (S2X), and 2 trial à 
Were es ak nne of the larger (54X), the order of these tria 
the three ON this schedule to a criterion of better than 85 per 
main classes of trial, *tequal distance,” “large far" (L4X and L2X 


(Sax 
and S2X), taken separately. 


cent over 7 
) and “small far" 


P3, who did 
-op., Stage D, the operated 
ver the whole range. 


Pos 
TRA NUS 
erative testing schedule 
peration ina 


Testi 
sting was resumed on the 
Initially (post 


Not r 

dnima ore sufficiently until th day. 
except T given only equal distance trials, distance varying 0 j 
Istance e were retrained to 3 criterion of 27/30 0n. these before going on to unequal 
distance, rials. For reasons which will become clear later (the necessary failure on equa 
e trials of an animal adopting the “distance strategy’) it was decided to start IT4 
days although he had not reached the criterion. The 


on u 
ne à 
qual distance trials after only 3 
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unequal distance trials (post-op., Stage II) were introduced according to the same 
schedule as before operation. For the first 7 days of testing with unequal distance trials both 
correct and incorrect choices on these trials were rewarded; thereafter, selective reinforce- 
ment was reintroduced and maintained. Testing was continued until the animal reattained 


the pre-operative criterion of 85 per cent over 7 days on the three main classes of trial, or until 
35 days testing were completed. 


Results 
Pre-operative discrimination learning 


All animals took a very long time to reach the final criterion, total days fo 


criterion ranging from 20 for I'T1 to 162 for IT4 (see Table II). The initial dis- 
crimination with the stimuli up against the windows was learned in a few hundre 


"TABLE II 2 
Total days to criterion (excluding the criterion run) at different pre- and post-operative stag 


; Pre-op. Post-op. 

Subject Stage I Stage II Stage I Stage II 
Pr 46 8 P 3 
p 45 26 i I 

s 89 30 IO 9 

TT: 20 d 7 
I2 

IT2 67 21 B > 35 

A 85 39 2 > 3 


. . . g 

b. 5 when the stimuli were moved back along the corridors performans, 
: À k É , r 

Pped almost to a chance level, This stage, involving only equal distance pe^ 


derably more training, but when the final $ ept 


; s xc 
gan performance relapsed in all animals € jals 
e 


z 


i) Parietals. ; È im 
( ) : The three Posterior parietal animals were obviously severely e 


Sy 
lowing operatio d their 0784 
b ing i dem ‘ation. ‘They stumbled aroun : rie 
umping into the walls and hitting their heads on protruding objects; if they pof 


to steady themsely i » 2 
t y es by catching hold of the wire, they reached too short, too itive 
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was put into thei 
ee as poten although they took it greedily if it was pressed against thei 
Pcl and Rone time, automatic movements—grooming, etc.—were "es 
ia ieee — judged by reactions to familiar objects and niin 
Pi and F 3 very from these gross behavioural di Y d 
2 appeared more or less normal after 4 days and P3 pu ds on 
, g 


all thre i 
e remain 
ed slow and clumsy and showed severe misreaching for some days 


more. 
(ii) Infer 
iferotemporals. None of the inferotemporal animals showed any obvious 


Signs i 
gns of disturbance after the operation. 


Post 

-0 TE act E P 

" ane discrimination performance 

1) Pari i i i 

pidan eap Despite a residual motor disturbance which handicapped them in 

[Haeo ate x the troughs, P1 and P2 regained criterion on equal distance trials 

T e, taking 1 and 2 days, respectively. P3 took 1o days but this apparent 
was due at least in part to the much greater difficulty this animal had in 


picki ; 

lishini end nuts, which for the first 2 days made him leave more than half of them 

verd aan upset the reinforcement schedule. When the unequal distance trials 

ae uced the animals showed almost no deficit and the pre-operative 

Gi n was achieved in 3, I and o days, respectively (see Table II). 

T i pep it IT: performed very erratically at first on equal distance 

Sibel ‘or 10 days refused to complete 30 trials, although he regained criterion 

3 days ig 12days. IT2 and IT3 regained criterion at this stage quickly, taking 

earlier wa o TEA performed at near chance level for 3 days and, as mentioned 

duced ai a not taken to criterion. When the unequal distance trials were intro- 
our animals performed very badly. IT: achieved criterion only after 


Percentage correct 
o 
o 


60 
40 
ag -p r [COU 2 3-4 c 7 14 
Time (days) 
or IT1, 2 3 and 4. Separate curves show performance on 
1l far" (52X and 54X) trials. Days — 14 and 


Fi 
ERANA 4. Performance curves fi 
ae ual distance, > “large far” (2X and L4X) and “smal 
operat espond to the period just before operation and days +7 through +35 to 
ive testing at Stage II. —> Equal distanc jue 


the period of post- 


35 days- Figure 4 shows the infero- 
Stage II in terms of scores over successive 7-day periods 
f trial. It will be seen that there was not à 
s of trial being affected to quite 
1 to animal. IT: 


a , 
7 days and the other three failed to do so 19 


te 
a el. performance at 
general dad the three main classes 0" | 
ifferent reakdown, performance on different classe l 
extents. The pattern of deficit varied from anima! 
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showed a drop in his score on the large far trials but relatively little change on equal 
distance and small far trials. IT2 showed a similar drop on large far trials with 
little change on equal distance and small far trials. IT3 showed a big drop on 
small far trials, a smaller drop on equal distance trials and if anything an improve- 
ment on large far trials. IT4 showed a big drop on small far trials and b» 
drops on both equal distance and large far trials (it is noteworthy that this anima 
who had never scored under 75 per cent in the 35 days immediately preceding 
operation never scored over 75 per cent post-operatively). The performance i 
IT: recovered quite quickly but IT2, IT3 and IT4 showed a remarkably stab e 
impairment. When the scores on the unequal distance trials are broken down n 
total post-operative scores on the classes L4X, LzX, S4X and S2X (see Table III) 


: $ i e 
the differences between the animals and the heterogeneity of their scores are mor 
marked still. 


"TABLE III 
Average scores (per cent correct) throughout post-operative Stage II 


Subject Equal L4X LaX S4X SX —8— 
S z " ME orem 
IT: I 

94 69 79 81 AS 
i go 46 67 87 P 
3 82-5 85:5 92 61'5 5 


IT4 70 49 69 51 51 


he 
changed. This being so, then (i) Why abet ree 
been just such as they were?, (ii) Why, !h day? 


The reasonin A mb! 
8 Went as follows, Veridical perception of size depends on CO” c cg 


ing information about both the retinal i : ; sa dist? 
- inal i its 
according to the rule mage size of an object and 


Perceived size = k (image size x distance). 
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If the à 
mechanis thi , - 
form of ease hich normally applies this rule were to be put out of action, 
dent not on both ence ae viz. perceived size might be made ee 
fixed. T e size and distance but on one al i dc 
. he two possibl ó one with the other arbitrarily 
and as possible strategies would be (i) to use informati i : 
sume an arbitrary value for distance, giving tionaboutinagpsige 


perceived size = image size X constant 


or (ii) to use i 
: use in i i vi 
formation about distance and assume an arbitrary value for image size. 
» 


giving 
e — constant X distance. 


In a i 
n an i 
imal whose constancy mechanism were to be functioning badly but not 


perma s A 
EA ah: en of order, perception might fluctuate between the use of the proper 
to be adopted wo partial strategies. Suppose the “image size estes” ares 
Shetime cad da proportion pof the time, the “distance strategy" a proportion q of 
Proportion 1- e i i ' combining both size and distance information, a 
about perfor -p-q of the time, then it should be possible to make precise predictions 
This pred mance on a SIZe soris Pr involving known sizes and distances 
icted scores for the different classes of trial in the present experiment E dl 


be as follows. 


perceived siz 


p, pum. Here the image size of the larger stimulus is twice that of the 
Would scor e distances are equal. Hence with the image size strategy the animal 
50 per ma 100 per cent, with the distance strategy he would score at chance, ie. 
average sc , and with the correct strategy he would score 100 per cent. His 
ore would thus be 
per cent correct = 100 + 50d + 100 (1-p-9) 

= 100 — 504. 

the larger stimulus is half that of the smaller and the 
that of the smaller. Hence with the image size 
o per cent, with the distance strategy he would 


orrect strategy he would score 100 per cent. His 


L4X. ; . 

P ren Here the image size of 

Na of the larger is 4 times 

Sia the animal would score 

aver; 100 per cent and with the c 
age score would thus be 

per cent correct = OP + 100g + 100 (1-p-9) 

— 100 — 100): 

stimulus is equal to that of the smaller 


n . Here the image size of the larger n 
nd the distance of the larger is twice that of the smaller. Hence with the image 


si : : 
m Strategy the animal would score 50 per cent, with the distance strategy he 
uld score 100 per cent and with the correct strategy he would score 100 per cent. 


is average score would thus be 
t correct — sop + roog + 109 (1-p-9) 
= 100 — 50P- 
the larger is 8 times 
that of the smaller. 


per cen 
that of the smaller and the 


S ; 
4X. Here the image 517€ of € e 4 
Hence with the image size 


dist; 
ance of the larger is a quarter 
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i i uld 
strategy the animal would score roo per cent, with the distance strategy he N- 
score o per cent and with the correct strategy he would score 100 per cent. 
average score would thus be 


per cent correct = 100p + og ++ 100 (1-p-q) 

= 100 — 1009. 
; : the 
S2X. Here the image size of the larger is 4 times that of the smaller s ke 
distance of the larger is a half that of the smaller. Hence with the ual d 
strategy the animal would score 100 per cent, with the distance strategy he 


: His 
Score o per cent and with the correct Strategy he would score roo per cent. 
average score would thus be 


per cent correct — 100p -+ oq + 100 (1-p-g) 
= 100 — 100g. 


In summary, the predicted average scores would be 


Equal 100 — 50q 
L4X 100 — 100p 
LaX 100 — sop 
S4X 100 — roog 
S2X 100 — 1009. 


B B H $9 H S off 
With this hypothetical analysis in mind, an attempt was made to find eee 
and q which, substituted in the equations, give expected scores close to the 0 


TABLE IV 


Jate 
Observed scores (O) for post-operative Stage IT compared with expected scores (E) calc" 


for the values of p and q shown 


Subject p q (0) E o E 


IT: 0:36 O'14 94. 93 6 6. 8 86 gt 
IT2 958 o'i go : 2 4 79 82 a a 85 


IT3 914 o36 825 82 
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Expected scores 


FIGURE 
5. The same data as in Table IV, shown diagrammatically. 
4X; O, S2X. 


Perf » 
ect fit.” A, Equal; M, LX; O, L25; @ 


The diagonals are the “lines of 


! 
Observed scores 
2x = 
o a 8 
b 
e 3 
un 
EN 
[5] © 
o 
o 


Analysi 
Fw of the pre-operative performance 
though the analysis was developed to explain the performance of the infero- 
the pre-operative data in the 


tem 
" : 
porals, its success prompted an attempt to treat 
re operation took a long time 


Same 
way. Asalready described, several animals befo 
volving unequal distance trials, despite having 


to 
tate stage of the problem involv s 
their po riterion with equal distance trials alone. It is at least a possibility that 
heir poor performance was due to ? natural difficulty with the discrimination, 
eficit but much less severe. This was tested by 
escores. Only the 


simil : 
Pray inferotemporal d 
o find values of p and q W 
final criterion Were considered, since 
ed very erratic, and in any case some 


ding those to the 
Taking each animal individually, the 


. formance appear 
re k 
quired little more than 14 days altogether. 
This could be due, however, to the 
fficient for 


e n 
M e pedir i is in several cases very poor. l ue, h 
the ee x small number of trials involved in 14 days testing, being insu f 
More stical norms to emerge. If the data from all 7 animals are pooled to give 
weight to the scores (as is permissible since the equations are linear), the fitis 
re given to the 


unex. 
Nexpectedly good (Table V). Further consideration was therefo 


hich fit with the pre-operativ 


final 
in eia days up to and inclu 
eral animals earlier per 


Taste V 
mpared 


days before operation co 
lues of P and q shown 


2 q a B 2 2 g pr 
S 
4 o17 895 PE hs ge 995 sg Be 89 S 83 
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one animal, IT4 ,whose performance by contrast with that of the others was fairly 
stable for much longer before he reached criterion. When IT 4’s scores over the 
35 days up to and including those to criterion are considered, the fit turns out to be 
very good (Table VI). It seems therefore that at least the terminal performance of 


TABLE VI 


Observed scores (O) for I T4 over the final 35 days before operation compared with expected 
scores (E) calculated for the values of p and q shown 


ee às rui 


Equal L4X LaX S4X S2X 
p q oO S O E 6 g o m o Z8 


: e 
the un-operated animals followed the same pattern as the performance of th 


H H i i i 
of performance, (2) Large posterior parietal lesions, after pre-operative train E 
caused no deficit on this task. 


fero" 


; : rec 
rie aan support, is hard to take. Itis certainly unlikely that healthy p 
ging monkeys can be subject under natural conditions to sporadic errors "^ yal 


IO? 7 SION: 
MONKEYS WITH INFEROTEMPORAL LESIONS 2 
d 7 
3 


exploration. 
such as i i 
severely xe ed " P Lo ge for the maintenance of adequate i 
nie amica i E p» Hein, 1964). Second, the situati see m 
iine , looking through wind i ee 
fs bes oo] gh | ows at meaningle j imuli 
eee idors giving rather limited depth cues emis pues 
“ah phasize any potential perceptual instability i a is 
e necessity for speci i ‘ 
Efron pecial pleading to account for th 
ii à e perform: Ü » 
make the hypothesis that the seii ape iie E 
e a speci 
rather less attractive. It is, however, dens 
j o 


impairm 
B : o of perceptual constancy 
how the res ise explain vi nly 
ults can be otherwise ex lained. There have certainly b hi 
. á een other 
h, resting on earlier evidence for a dis- 


theori i 
es of the inferotemporal defect whic 
lanations in terms of visual field defects 
, 


turbance i " 
b: rmi i uera have proposed exp 
ent 1 i 
Sueareaty ses ad aq c or perceptual categorization (for a re 
easily fit i n, 1968). e results of the pre «peri n 
nio : P sent experum: 
the framework of these previous theories. It aout Es im i a 
e, rather, 


that the h F 
ypothesis of impaired constancy may itself be able to cover many f thi 
d of the 


earlier d E 
ire MINER while having the advantage of accounting in detail for the di 
advantage Eye perception found inthisstudy. This hypothesis has AAA the 
eyndéome in Ki bo the inferotemporals’ deficit with an established clinical 
Éxeodho sym an, for abnormalities of size perception occur quite commonl 
of the Pas Pr of perceptual disturbance referred to already. The cardi 
of diffuse lisorder can be illustrated from case records, as, for instance: inac 
cortical damage after head injury where “On maintained fixation um 


objects, 
, after a latent period of 5 to 6 sec., apparently grew rapidly to more than 
Similar phenomena, in 


doub So a hes 

an original size” (Willanger and Klee, 1966). 

(1966) E i em conditions, are reported by Penfield and Jasper (1954), Chapman 

mental stud eron et al. (1956), among others. In the absence of proper experi- 
y of such cases, parallels between man and monkey must remain 


Conject 

u 7 : 

“a But on the present evidence the hypothesis of a breakdown in 
y after inferotemporal lesions in monkeys, wi llel in such human 


Case; th a para 
E be considered at least in intriguing possibility. : 
A Mere is the failure to find any specific impairmen| 
isorientatio zr study, with parietal lesions. In view of the 
Surprisin io of these animals in the first few days after operation, it is somewhat 
should b: that they should have shown no deficit at all in size constancy. It 
appeared ne however that the most obvious signs of disorientation had dis- 
isturbanc y the time formal testing was started, t i ient perceptual 
e may have been misse. It is perhaps wisest simply to record our 
ment on the more gene 


Depati 1 
E onis wie withholding judge 
deficit was present in these animals. 


t in the control 
manifest spatial 


» if any, permanent 
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aeons = OF OBJECT FAMILIARITY 
THE PERCEPTION OF SIZE 
AND DISTANCE 


WALTER C. GOGEL 
University of California, Santa Barbara 


The i 
perceived si i i 
tea meester a ra = "edi distances of familiar objects were investigated in 
in which images of familiar obj x 
Gite RED aia iliar objects were presented 
f e, in an otherwise dark field i quem s 
kaat kds id eld of view. It was found that thi : 
X A ae i e angular 
distan jects as well as their familiar size determined i 
ced 2 e i reported size. 

E aaia u iesu, underestimated as a function of increasing d 
func e objects. The results are consistent with the i E 
ion e . r conclusion th: 
abjècta pe Bs retinal size of the objects, the observer perceives the farailiar 
i seria — and, that as a consequence of these off-sized perceptions, the 

judgements of the object distances reflect inferential rather than 


perceptual processes. 


Introduction 


A previ 
ae Laces} (Gogel and Newton, 1969) has indicated that the perceived size 
much ane quce monocularly in an otherwise dark visual field is as 
result is in ter: Hec. DY visual angle as by familiar size. The explanation for this 
Bis tender ms of a tendency called the specific distance tendency (Gogel, 19690). 
cues to size yis supported by experimental data indicating that an object with no 
from the xd distance will be perceived at a specific distance (usually 4 to 12 ft. 
Upon its an — and will acquire a perceived size at that distance depending 
Size are ay: mia i size. It can be concluded that two sources of information as to 
Visual hers le, when a familiar object 1s presente therwise reduced 
of the IONS. One source of perceived size occurs from retinal size by means 
specific distance tendency. 


object, Wh The second source is the familiar size of the 
Obseryer ger the perceived sizes ! e disparate, the 
Questio perceives an off-sized object rather t he 
i n can be raised as to the distance judgments hen the observer 
the obs lly off-sized object. Research has suggested that 
lenka na expects an object to appear smaller when 1t 1s C her than near 
therefo and Hyman, 1959; C 1962a, b; Epstein, 1963). It is likely, 
inte that the observer W 

arger es r near, depending up? 
Should 5. normal. ‘The distance reports ma 
y the ic (anes to be inferential rather than p i 

than to 5" ency to report that an object is distant because 1 
is (1) t eport the distance actually perceived. The purp 
© verify the influence of retinal size 0n the perceived $ 


m these sources ar 
sized object. 


ts perce 
ose of the present study 


ize of familiar objects 
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m E TT is Of 
and (2) to investigate the factors determining the “inferential” judgemen 
distance resulting from the perceptions of size. 


Experiment 1 
Apparatus 


e 
mmediately in front of his right eye. The lens pex 
to the physical distance of the transparencies by S dires 
an infinite distance. The familiar objects appeare bserva- 
inan otherwise totally dark visual field. The dark o nt the 
and chin rest and a shutter that was raised to prene ti aet 
e experiment was anything visible except the eiue 
stimuli presented were identical visually to rea 


^ hhysic 
: Objects, their widths S; on the transparencies, the phy 
width S, of the fa 


5 in the 
by each transparency are given in t h 
five columns of Table I. The si i i 
observer at whi 


a 
A bad 
IS Were 32 students in an introductory course in hology. All d 

l j BSYEROICEY ok ai 
ine acuity of at least 20/20 in their right eye, as measured with the Landolt-Ring bei 
the Keystone Orthoscope and Were naive with regard to the purpose of the experime! 
Procedure 


are 
parent dis. 3 Pin. With half of the observers the apr rder 
ren 
Was reversed. Both a si ista Ane respo; 


. ec, 
nses and for the remaining ua d object 
é Stance report we i one famili? 

before Presenting another, The o; 2 ia dad Dn cts differed for © 
observer as determined by a balanc e dee amiliar obje: 


SS EE SS SSS 


of zs 00.1 00.2 6.1 g£ +S oS£o.o 6.1 09.4 Auuag 
of oS +6.0 69.1 1.8 1.6 £9 £Sgo.o Lr S£.1I Kay 
9v 6s 46.0 g£.1 T.9 1.6 LL LSgo.o 9-9 ot.1i *3u02 ope[q 10Zei[ 
19 L6 vr 9£.1 S.z o.£ 88 otzo.o Zz o£.£ dwerg 
19 zg £o.1 ZILI 9.4 £.g Lor 2690.0 v.L oz.6 1osuodsip ade, 
£s zg ZO.L £o.z Z.OI £.oz Lir LSgo.0 0.01 ov.1I xoq doip ysnop 
16 gor 63-0 ZLI I.S t.9 181 9L£o.o L.S oo.S paco Bured 
16 oir 06.0 1g.0 IZI 6.01 Sgr zzLo.o v.£1 09.6 sasse|dung 
oft gsi £9.0 £L.o gL 8-8 Lgz ozto.o IZI 09.S Jeg Apurd, 
goz zez ££.0 18.0 Z.O1 S.S1 LSE £Sgo.o S.o£ S£.11 rN 
bee o9z LEES] oL.o Y.ii 9.v1 ger 6gto.o o.12 oS.9 suoudo[o T, 
Sof OLE Le.o 18.0 9.L grr 999 6zto.o 9-892 oL.S U03100 93]91UZI) 
IgE £i* gro gt.o gt 6.6 £99 10£0.0 g.1z 00.4 outZe3e]AT 
irt Sót 91.0 tro I.II 9.6z £Lg 6g40.0 6.99 oS.o1 3onboei sruuo T, 
99€ gt £1.0 6£.0 $.6 S.6z L1or L£Lo.o 6.vL og.6 MUS 
O19 Esg Lo.o zt.o o.L got Sete g6£o.o 5.96 ot.S wmo 
cua Cw), a «sis sie (œ), s  (Cu),s  Quo«q  Cpeg — Quo)ag (w) zs soureu 
oouvjsip o2uvjsip suvipour suvoul Up yp o»urjsrp Aouaredsuey  iosqo Aouaredsuvs3 palqo 
poxrodoi —— payzodar U101j woy poxrodoi1 poirodoi — poje[nugg uo tppra —— iegmuej — uo 32sfqo 
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pozis-yo pozis-go ajsue 
paindwoy pəmdwog yenst A, 
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ues of 
roduct-moment correlation coefficients were computed _ ad 
vM ize S' and either visual angle 8 or familiar size Sp for bot "€ 
Mets wing of S'. 'The resulting values of r were as ER ee d 
c" x: 934; Ts sp = 0°92; for medians, Ts 9 = 0°59, Tss sp "a t "ede. 
da d 0:59 values were Significant at the o-o2 level (tus = 1-36, f A Jh d, 
ote E Rena Median values of S' were more highly € eiie 
vie mean values of S" were more highly correlated with Sp. The 


i i idth was 
width was mainly determined by retinal size, for others yeap han en 
mainly determined by familiar size, It should be noted in Table I t 2 


dian 
; A j but not me 

d, for the objects of small familiar width (small Sp) mean ) 10 
oo : relative to familiar width. This tendency 


or median) 
The values throughout the 


of 
; à ‘ mns 
The results from the distance reports are given in the last two colu 


F 
. š istances ^ 
earson product-moment correlations between simulated dista 

and either mean or median 


igni- 
reported distance D’ (r = 0:97 and 0:84) len 
ficant at the o-or level (t — 14:82 and 5:84, respectively), It will be note orte 
although D’ clearly tended to increase with an increase in Dp, the value of reporte 
distance was j i 


his 15 
increasingly underestimated with increasing values of D. on Fr the 
demonstrated by the Slope of less than 45° for the lines of best fit applie 
relation between D 


Thes? 


; T median reported distance. 
equations are; 


i mean = 0:36D, + 72-46 cm. 
D mdn, = 024D, + 63:56 cm. 

Although it is clear that the underestimat 
with the increase in the Magnitude of the 
interpreted with caution. It is Possible 
here, rather than bein 


d 
, se 
ion of the simulated distance oe e 
simulated distance, this result natal 
that the underestimation demit j 
udgements of distance associate: 
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tend to be increasingly underestimated with increasing distance (Gogel, 1968a; 
Gogel and Mertens, 1966; Gogel, Hartman, and Harker, 1957). Verbal under- 
estimations of distance, therefore, possibly can be attributed to processes involved 
intheapplication of numbers to distances and do not necessarily reflect judgemental 
or perceptual underestimations. The question occurs whether the underestima- 
tions found in the present study can be explained by such a methodological 
artifact. The purpose of Experiment 2 was to investigate this problem. 


Experiment 2 
Apparatus 


The apparatus for presenting the transparencies in Experiment 2 was identical to that 
used in Experiment i. But only 10 of the 16 transparencies of Experiment 1 were used in 
Experiment 2. These, presented one at a time in an otherwise totally dark visual field, 
Were the guitar, tennis racquet, saw, cigarette carton, telephone, ruler, candy bar, sunglasses, 
tape dispenser and key. In addition to the apparatus for presenting the transparencies, a 
full cue situation also was used. This consisted of an alley (approximately 3 ft. wide by 
29 ft. long) with a white and a black stripe (each 18 in. wide) running the length of the alley. 
The walls of the alley were formed by white cloth. Six familiar objects (a box of cough- 
drops, a bottle of ink, a cup, a soup can, a pencil sharpener and a flashlight) were presented 
in the alley at 4, 7, 11, 14, 21 and 28 ft., respectively, from the observer. The entire alley 
Was illuminated by a series of overhead lights and was viewed monocularly. When the 
alley was presented, the lens in the viewing position was removed and the observer was 
asked to report the ‘distance from his eye to each of the six familiar objects in the alley. 

€ transparencies were never visible during the presentation of the alley. Only distance, 
Not size, reports were obtained in Experiment 2. 


Observers 
m The observers were 32 students enrolled in a class in introductory psychology. A visual 
cuity of at least 20/20 in their right eye, as measured with the Landolt-Ring test of the 
ne Orthoscope was required. None of these observers had participated in Experi- 
ent r and all were naive with regard to the purpose of the experiment. 
Pr Ocedure 
Pe series of ten transparencies always was presented to the observer before presenting 
€ full-cue alley. As in Experiment 1, the observers were dark adapted for 3 min. before 
eng presented with the first transparency. The order of presenting the different trans- 
Parencies was different for each observer as determined by a balanced latin-square design. 
© order of judging the apparent distance to the objects in the full-cue alley was randomly 
termined with a different random order for each observer. 


Results 


The average reports D’ of distance from Experiment 2 are shown in Figure 1 as 
^ function of the simulated and the physical distance D oftheobjects. Inthe case 
Or the transparencies, D is the simulated distance of the objects and in the case of 
the alley, D is the physical distance of the objects in the alley. The dashed line 
in Figure r represents the results that would have been obtained if the simulated 
°r Physical distances had been correctly reported. In Figure 1 both of the curves 
ae the obtained data are below the dashed line with the curve from the average 
E ues of D’ using the transparencies (reduced condition curve) lying below the 
inc eSponding curve obtained from the alley (full-cue condition curve). Straight 

€s of best fit were calculated by the method of least squares from the verbal 
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of observation. This conclusion is in agreement with the results from several 
Previous experiments in which measurements of the perceived size of familiar 
objects were obtained under reduced conditions of observation. In one of these 
Studies (Gogel and Newton, 1969) it was found, using the same transparencies as 
in the present study, that the observer gave off-sized responses similar to the 
computed off-sized responses shown in Table I. Both studies are in good agree- 
ment in showing the marked effect of retinal size on the perceived size of familiar 
objects under otherwise reduced conditions of observation. In another study in 
which pairs of transparencies of familiar objects were presented, the ratio of 
Perceived size to familiar size again varied as a function of the ratio of the retinal 
Size to the familiar size (see Gogel and Mertens, 1968, Table I). Finally, from 
two other studies (Gogel, 19694; Gogel and Mertens, 1967) it is evident that 
Tetinal as well as familiar size was a determiner of the perceived size of a familiar 
object presented under otherwise reduced conditions. It is clear that the inability 
of familiar size to dominate perceived size under otherwise reduced conditions is 
well documented. It seems reasonable to expect that familiar size, as a learned 
gug based on a long and continuing experience, would be a decisive factor in per- 
ceived size. Its limitations in this respect introduce doubt concerning the effec- 
tiveness of learned determiners of perceived spatial extent. 

The results from the present study support the conclusion that the contribution 
of retinal size to perceived size (via the specific distance tendency) can result in the 
Perception of off-sized objects. It is further asserted that the perception that the 

jects are off-sized is used to make inferential judgements of distance. From 
periment 2, this process results in systematic errors in distance estimation as a 
Qon of simulated distance. Several hypotheses can be considered as to the 

urce of these errors. (1) The errors could be the result of a tendency for the 
oe judgement to be displaced in the direction of the perceived distance 
Yol from the specific distance tendency. In this case the distance judgements 

: have a perceptual as well as an inferential aspect. (2) The errors could be 
iure of not perceiving the off-sized objects as much off-sized as would be 
D ae from the ratio of retinal size to familiar size. (3) The errors could be the 
object of Some general inferential error in converting the perception of off-sized 
woul T to ajudgement ofdistance. It should be noted that the first two possibilities 

dee require that the judged distances of perceptually under-sized objects would 
GE Dderestimated but also that the judged distance of perceptually over-sized 

pU would be overestimated (relative to their simulated distances). But, it will 
noted also that the perceptually under-sized objects had large values of Sp and 

j ted the perceptually over-sized objects had small values of Sp and Dy. The 
ins Wo possibilities listed above would require, therefore, that the slope of the 
Ne inner data of Figure 1 would be greater for the objects of small simulated 
5 IO than for the objectsof large simulated distances. Perhaps this expectation 

i RN in the tendency for the full-cue and the reduced condition curves of 

re ee to be most similar for small simulated distances. Additional research is 

vom, s Sats d distinguish between these three possibilities, 
distance ; is study it is obvious that the process underlying familiar size as a cue to 
is complex. A description of this process consistent with the data is as 
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follows. When the observer is presented with a familiar object in an otherwise 
uniform field of view, with all other distance cues removed, he tends to perceive 
the object at a distance determined by the specific distance tendency, with o 
consequence that the perceived size of the object is determined by this perceive 


distance and the visual angle of the object. When asked to give a verbal report of 
the apparent size of the familiar object, the o 


haracteristics, or (3) as is most likely, some compromise 
between (1) and (2). Since the perceived size resulting from the above process E 
frequently different from the known, familiar size, the observer usually perceives 
the object as being an off-sized object. When asked to report the apparent 
distance of this perceptually off-sized object the observer responds inferentially, 


H : . E 
with the reported distance varying Systematically as a function of the amount of th 
off-sized appearance, The sma 


€ data from the Present study, therefore, 15 


likely that the : imas, Creased (Gogel and Mertens, 1967). 

y errog m estimating simulated Fe ia isa funtion: of the jliat 

> a m 
objects presented are thie same vrdi familiar Size regardless of whether the fa 
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1969) regarding judgements of the perceived size and distance of a familiar object. 
(1) Retinal size (via the specific distance tendency) contributes importantly to the 
determination of the perceived size of familiar objects under otherwise reduced 
conditions of observation. (2) The report of the distance of a familiar object 
under otherwise reduced conditions of observation probably is inferentially deter- 
mined despite the instructions to make perceptual responses. (3) The resulting 
Judgements of distance involve systematic errors as a function of the simulated 
distance of the familiar object. (4) Since an inferential process probably is 
involved in these distance judgements considerable caution is required in using 
familiar objects to test the interaction of perceived size and perceived distance as 
€xpressed in the size-distance invariance hypothesis. Additional research is 
needed to determine the reason for the systematic errors in judging the distance of 
the familiar objects when only familiar size is a possible cue to distance. 


This study was supported by Grant NGR 05-o10-o10 from the National Aeronautics and 
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Collecting and analysing the data of the study. 
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THE INFLUENCE OF ACOUSTIC 
SIMILARITY ON SERIAL RECALL OF 
LETTER SEQUENCES 


NANCY S. ANDERSON | 
University of Maryland, College Park 
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known to influence STM, that of acoustic similarity, and studied its effect on LTM. 
In another study, Baddeley and Dale (1966) suggested “that STM may differ from 


LTM in relying more on acoustic cues and much less on the meaning of the 
Material to be retained.” 


The series of experiments reported below used a similar approach to that of 
Baddeley (1966). Using letter sequences matched for predictability (frequency of 


Occurrence in the language), the effects of the amount of acoustic similarity were 
Investigated in serial recall for both STM and LTM. 


Experiment x 
Method 


Two lists of 8 consonants were made up, List H (QBDVCTGP) had an average probability 
9f acoustic confusion of 0°73 (S.D. = o'1) and List L (XNWKRYLH) had an average 
Probability of acoustic confusion of 0-20 (s.b. = o1). Acoustic confusion or similarity was 
calculated following Conrad and Hull (1964) assuming the constant ratio-rule for subsets 

larke, 1957). Both lists were arranged such that the average rank order of frequency of 
Occurrence of letters as well as diagram frequency of occurrence of pairs of letters were 
approximately the same for both lists. Thus, predictability according to Baddeley, Conrad 
and Hull (1964) was matched across the two lists for the sequence as a whole and for each 
Serial position. The average rank order predictability was 1 5:6, and the Spearman rho for 

tagram predictability = 0:93. ; : 
Ousewives from the A.P.R.U. panel were tested in separate groups for each list of letters. 
Ubjects were tested in groups of 8 or 10 and were instructed about the nature of the serial 
earning task consisting of three trials. Each of the 8 letters was projected on a screen at the 
Tate of one every 2sec. Subjects were given a ready signal before the first letter in each trial 
and a signal indicating the end of the sequence. Subjects wrote in an answer booklet as 
Many of the letters as they could in the same order in which they were shown. As in 
addeley’s (1966) and Conrad’s (1964) studies, an alphabetic arrangement of the set of letters 
hich comprised the list was visible throughout the experiment. This procedure was 
followed to maximize response availability throughout the experiment. To prevent the use 
° position on this display as a cue, four displays with different position arrangements were 
Used, Subjects were allowed to guess a letter if they could not remember it, and were 
allowe 30 sec. to write in the booklet as much as they remembered. After the first trial, 
Subjects turned over the page in the booklet and were not allowed to look back. This 
ia ure was followed for three trials, after which they were tested on an intervening task 
e 20 min.) involving immediate memory for digits. The procedure for this intervening 
dis Used a taped presentation of 12 digits at 1/sec. or 3/sec. with a post stimulus visual 
$e Play card after each sequence presented with one item omitted, and subjects attempted to 
s only a single digit. This procedure is a variation of the probe digit experiment 

Ported by Waugh and Norman (1965). . 

After the intervening task, subjects tried to recall the eight letters they had learned 
Previously in the appropriate order, on a single response sheet. Subjects were not told in 


ag “nce about the subsequent retest, during which the relevant letters on a display were 
an made available. 


Results 


ite formance for the 18 subjects each for List H and List L was scored in terms of 
ee Correct per position on each trial including the delayed retention, and the 
e. x Percentages of letters correct are shown in Figure 1. Comparisons 
Pes lists were conducted using non-parametric tests. 'The differences 


Hand L were significant on trial 1 and the delayed retention test (P — oro s 
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List L (P — oror). These results show that on trial r, the high acoustic s 


but 
is detrimental to Short-term memory supporting the work by Conrad (1964), 
that these items once learned 


Experiment 2 
Method t H 
Two different Serial ordered lists of eight letters w. ri ain conctructed. Lis an 
(VCQGDBPT) had an average acoustic similarity of o:74 amd ise L (YRLXKHWN) he of 
average similarity of 920. Again the lists Were balanced for predictability. (Avene e et of 
15°6, and Spearman tho = 0:97.) eparate Broups of Subjects were tested for eac! i 
letters and for each of th 
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availability, instructions, and the delay task were identical to those of Experiment 1. 
(iutnhers of subjects learning the High and Low Lists were: Condition I, N = 15, 143 
ondition II, N = 15, 16; Condition III, N = 14, 14.) 


0:90 
0-80 


0:70 
0-60 


0-50 


0-40 


Mean percentage letters correct 


030 


1 2 3 4 D 


Trial number 


ope 2. (a) Recall only; (b) STM prior to recall; (c) STM Post-recall. Learning and reten- 
9f 8-letter sequences as a function of acoustic similarity. (@), High; (X), low. 


Results 


dan 2 shows the percentage of letters correct for each group of subjects for 
and H for each part of theexperiment. The results of Condition I (recall 
o n are similar to those in Experiment 1, although the difference in Lists LandH 
ön 2 I was not statistically significant. The difference between Lists L and H 
e Cc im retention test was significant, and there were significant retention 
b dig; etween trial 3 and delayed retention for both groups (P «oos in all cases). 
no die erences were found on trials 2 and 3. In Condition II (STM prior to recall) 
Was Enificant differences were found between lists, and in fact no trial comparison 
ore, large as one standard deviation unit. The results of Condition HI (STM 
in recall) are essentially the same as those found in Condition I. ; The difference 
Ween Lists L and H on trial 1 was in the correct direction, but significant only at 
te! and the difference on the delayed retention test was significantly higher 
E H than List L (P < 0'05). Again, trials 2, 3 and 4 did not differ signi- 
y. Both lists did show significant retention losses. 
igi us results are in agreement with Baddeley's (1966), in that the STM task for 
and Ee the influence of the STM component during the letter learning task, 
that the the differences found in Experiment 1 were removed. It appears then, 
tom e differences obtained show that the acoustic similarity discourages a subject 
Over using a strategy that relies on his STM. Whatever strategy he adopts to 
R ae these effects of acoustic similarity does result in better LTM for these 
Sübjec Since List L has less acoustic similarity and is easier to process in STM, 
E S can use the STM component to boost performance on each trial. How- 
Dota a delay of 20 min. when the STM component has presumably dis- 
Slayed ; the performance on List L is even lower than it was on trial I. (In the 
retention tests (recall only and STM post-recall) in this experiment and 
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Experiment 1, subjects who had learned List L looked shocked when the ro, 
menter asked them to recall the list unlike the subjects who had learned List H w i 
started immediately to write their responses.) The poor retention on the delays 
test and the disappearance of these differences with the role of STM reon 
supports the notion that a strategy difference occurs for subjects who learn list 


à jous 
(compared to those who learn List L) where they must overcome the deleteriou 
effects of acoustic similarity on STM. 


Experiment 3 
Method 


: : £ ; icate 
Further studies were conducted using University of Maryland college students to plis é 
these results. Since the average age of college students is lower than the housewives on 


Experiment i. The backward E 
~ 22; List L, N = 31.) Although the” 


o 
A 
o 


c 
o 
o 


"50 


o o 


40 


Mean percentage letters correct 


Ficure 3. Learning and 


ic 
eis retenuon o; a function d 1 
tate (6), i 2691 = r f 8-letter Sequences (backwards) as a ti pa 
There were small differ ence L I this case 
nces in ists i 
"m : : H and L on trial 1 In thi 3 


Y may be because backward recall is hat 


1 9 
(which is not simply forward recal 


STM) to overcome this difficulty, 


— 


SERIAL RECALL OF LETTER SEQUENCES 253 


Experiment 4 
Method 


A further study was conducted with University of Maryland students using 14-item lists 
with forward recall. Each of the lists, H and L, was a random arrangement of 7 consonants 
With the restriction that no two adjacent letters were the same. List H had an average 
acoustic similarity of 0-74 and List L of 0°13. The orders of each of the 14-letter lists were 
again matched for predictability (average rank predictability = 15:8 and Spearman rho = 
9:97). The procedures were the same as in previous experiments, except that all subjects 
Were tested individually, and were taken to a criterion of two perfectly correct trials before the 
20-min. delay was introduced, and they were also tested 23 hr. after the short delay test. 
Subjects knew after the first session that they would be returning the next day. 


Results 


. Examination of the average number of correct consonants on each trial showed no 
Significant differences between lists, even on trial 1. The average number of 
Consonants recalled on the delayed retention tests was: 20 min., High 12-9 (S.D.= 
1-4) and Low 12:6 (s.p. = 2:1); 23 hr, High 12:2 (S.D. = 1:8) and Low 11:2 (S.D. = 
3:6). The average number of trials to criterion was 11:2 (S.D. — 5:9) for the High 
Similarity list and 11-7 (s.p. = 4:8) for the Low similarity list. ‘There were 
indeed only small differences between lists and little loss in retention occurred. 

These results indicated that for a longer list of 14 items which were learned to 
Criterion, no differences between lists occurred during learning, and no significant 

ifferences occurred during the delayed retention tests. That no differences 
between lists occurred on the first trial seems to show that longer lists are harder to 
encode in STM. Furthermore, the lack of a retention loss after criterion was 
reached could be due to overlearning. 


Discussion 


The first three experiments are in agreement with Baddeley’s (1966), and suggest 
that the strategy adopted by subjects for the acoustically similar list helps retention 
ver the delayed interval. The poor LTM performance for the non-similar list is 
Presumably due to the fact that the items are few in number and subjects rely on 
their STM during the learning trials. The use of the STM control prior to recall 

Xperiment 2, Condition II), made it difficult for subjects to rely on the STM 
component during learning, and the differences between the High and Low similar 
sts disappeared. Glanzer and Cunitz (1966) have used a similar procedure to 
a the role of STM in free recall, and Murdock (1963) has also demonstrated 

he interaction of STM and LTM. 
tis to be noted that in both the present series of studies and Baddeley’s (1966), 
€ particular responses were made available to subjects during all the learning and 
tention tests. Thus, it is probably not a simple sound-like characteristic of the 
eat lists which would make them more available, since both response sets were 
Ai € available to subjects. Whatever strategy was adopted to overcome the dele- 
= Es effects of acoustically similar material in STM, it is effective by trial 2 in the 
Signifc studies. That is, although the higher acoustically similar lists were 
cantly poorer on trial 1, the poorer performances on these lists were not 
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LETS . 1 owever, in 
ignificantly different from the lower similarity lists on trials 2 eA s T eir 
Baddeley data, the acoustically similar list is significantly poore 

a > 


d LTM: 
Support to the distinction between STM an tic 
din 


f r LTM, 
» material difficult for STM may not be difficult fo sTM 
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USING SEVERAL MODALITIES i 
PERCEIVE ONE TEMPORAL PATTE 


STEPHEN HANDEL AND LOUIS PUFREARDI 
Department of Psychology, Kansas State University 


a ns con- 
In two experiments, subjects identified temporal patterns. Ing con 
sisted of eight dichotomous (left-right) elements, eg. LL In Éxperi- 
tinuously repeated until the subject was able to identify the pattern. see 6 
S presented either separately in the auditory, a o dalities 
pattern was presented simultaneously in two m 


i neously 
). In Experiment 2, one pattern was simultar 


Tmance of pairs 
idual modalities. 


Introduction 


) 
responses, including experiments (Todd, I914; Swink, ents 
detection experiments (Brown and Hopkins, 1967), and vigilance e in B 
(Buckner and McGrath, 1963). These Workers concluded that increas retical 
erformance. However, the? 


mp 
n° 
“sensations” not 


perceived alternates determines: (a) the judged goodness of a pattern; (b) the 
associations to a pattern; and (c) the ease of identifying a pattern. In accord with 
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) es : 

this view, the stimulus in the present experiment was a temporal pattern, the 
response was a description of the pattern, and subjects were free to organize the 
Pattern in any way they wished. 


Temporal patterns 

The stimuli were sequences of dichotomous elements generated by a repeating 
Pattern of eight dichotomous elements (i.e. LLRRLRLRLLRRLRLR). The 
Subject observed the sequence passively and when ready, attempted to describe the 
Pattern verbally. Two measures of performance were obtained: (a) the number of 
elements presented until the pattern was correctly identified; and (b) the manner in 
which the sequence was organized into a pattern, shown by the verbalized pattern 
description. 

Previous work has shown: (a) regardless of the pattern formed by the first eight 
elements of the sequence, the pattern used to describe the sequence began with a 
Series of identical elements (e.g. LLLL) or with a series of alternating elements 
(e.g. LRLR) (Royer and Garner, 1966, 1969; Handel and Buffardi, 1968). There- 
fore, the first element of a series of identical elements or the first element of a series 
of alternating elements are preferred start points; (b) a pattern and its complement, 
Produced by exchanging the dichotomous elements (the complement of 
LLLRLRLR is RRRLRLRL), are perceptually equivalent, since both patterns 
Were described identically and the rate of identification was the same (Royer and 

arner, 1966); (c) starting the sequence at an actual preferred start point produced 

aster pattern identification than starting at a non-preferred start point for rates of 
Presentation up to 4 elements/sec. (Garner and Gottwald, 1968); (d) patterns were 
Organized similarly whether they were presented in the auditory or visual modali- 
ties, but the rate of identification depended on the modality used to present the 


Pattern (Garner and Gottwald, 1968). 


B, 
attern presentation 
Three different methods of pattern presentation were used in this study. 


Individual modality presentation. Here, patterns were presented in either the 
auditory, tactual, or visual modality. The dichotomous elements 1n each modality 
Were identifiably different left-right stimuli. Although the dichotomous elements 
n SEE different, localization was the dominant perceptual cue in each modality (also 

ound by Handel and Buffardi, 1968; Royer and Garner, 1966). "Therefore, the 
Clements in each modality were different, but the pattern description of one pattern, 
1 terms of the left-right sequence, was identical for each modality. 


Compatible presentation. Here, the same pattern was presented simultaneously in 
si 9 or three modalities; if a left element appeared in one modality, a left element 
i "ultaneously appeared in the second and third modalities. "The spatial elements 


in à : s 
lc, modality and the description of the pattern presented in each modality were 
ntical, 
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: ity, and 
Incompatible presentation. Here, a pattern was presented in one pm. 
h Treiben a of the pattern was presented simultaneously RLLRER, the B 
the Pi. For example, if the pattern in one modality was s iin pu 
ve NUR second modality would be RRLRRLRL; a left e el 
fnodality was simultaneously presented with a right element in ma ee chee 
and vice versa. On the basis of spatial localization, which is ~~ 
teristic, the elements presented in each modality were enin incompatibility ae 
This presentation procedure represents stimulus-stimu lus i ppm 1953). 
distinguished from stimulus-response incompatibility (see en ^ & ihe spiti 
The patterns presented in each modality were identical, a yo cad use either 
elements and pattern descriptions were incompatible. The subjec th modalities 
describe the pattern, or the subject can use bo letus 
in terms of series of identical elements or a 


H i usly, 
LR may be learned as 4121). As discussed previo 


ity to 
F a modality 
patterns are organized by these series. Then, the subject chooses one 
describe the pattern. 


Present experiment 


:Bcation 
A : identificat! 
The present report concerns two experiments comparing pattern id 


tion 
Fan i ers $ ; ; esenta 
and organization using individual modality presentation, compatible pr 

and incompatible presentation, 


General Procedure and Apparatus 
Sensory elements 


The dichotomous el 
by easily discriminate: 


i ition and 
ements in each modality differed both by spatial post 
The auditory stim 


d sensory differences, placed 
uli consisted of two tones presented by loudspeakers secon 
ft. from the subject. One tone was 1200 Hz and i evel. 

The intensity of both tones was 65 dB sound eae 1965 
imuli were generated by a pair of vibrators (Sherrict, 7 fe 


. H b ‘ 

€ vibrator in each hand and his hands were rper was 
Owered by a 12 V, 60 Hz Source, and the second vibr 
powered by a 6 y, 30 Hz source, 


li consisted of 


ton? 
two 1 in. panel lights mounted x ft. ap “o -level 
y on a table. The board was placed at T 
] ne panel light was red and the other gr 
light was 0'25 ft.-L, 
Stimulus presentation 


d 
yate 
The stimuli were controlled by a tape reader (Western Union 1B) which ae tbe 
a set of relays to Switch the stimuli on and off. Toggle switches conte a the 
choice of Modalities. Tyo timers (Hunter, Model 111C) were used to t! 
Sequence, 


:ect 
elements presented. je subje? 
experimenter observed t 
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Task 


The subject observed the pattern without making any overt response until he 
thought he could identify the pattern. Then, the subject stopped the presentation 
by pressing a foot switch, and attempted to describe the pattern by verbally stating 
the left-right sequence. If the description was incorrect, the experimenter stated 
that the response was incorrect and restarted the pattern at the element where it 
Was stopped. If the description was correct, the next pattern was presented. If 
the pattern had not been correctly identified after 560 elements of the pattern, the 
Pattern was terminated and the next pattern was presented. 


Experimental variables 
Three rates of presentation were used: 1, 2 and 4 elements/sec. At each rate of 
Presentation, each element appeared for the first third of the inter-element interval. 
Two start points, determined from Royer and Garner (1966), were used for each 
orae The preferred start point (PSP) was an element often used by subjects to 
del the pattern description. The non-preferred start point (NPSP) was an 
Clement rarely used by subjects to begin the pattern description. 
Patterns 


p che 10 patterns used, shown in Table I, are the same ones used by Garner and 
Ottwald (1968). Each pattern and its complement were presented equally often. 


TABLE I 
Ten patterns used in Experiments x and 2 


es 


Start point 
Pattern Preferred Non-preferred 
I LLLLLRRR LLLRRRLL 
2 LLLRLLRR LRLLRRLL 
3 RLLRLLLL RLLLLRLL 
4 LLRLLRLR RLLRLRLL 
5 RLRLRLLL LLRLRLRL 
6 RLRLRRLL LRRLLRLR 
7 RRLRLLLL LLRRLRLL 
8 RRLLRLLL LLRRLLRL 
9 LLLRLRRR LRRRLLLR 
Io LLLLRLRR LRRLLLLR 


a eu E 


The patterns are shown at the preferred and non-preferred start points. 


Perf Ormance measures 

con atiern identification. The number of elements presented before a pattern was 

deg identified (delay) was the measure of rate of pattern identification. The 

<b delay was found at every experimental condition. The delay, averaged 

mo ae Io patterns, was calculated for every rate of presentation X start point X 

con, med condition since the rank order of difficulty of patterns for each modality 
lon was approximately equal. 
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A ieat the 

Pattern organization. The measure of correct pattern a B 

percentage of pattern descriptions beginning at the actual patern ad wet oe 

The experimental variables which affect organization were start poin niens 
pattern presentation. "Therefore, the percentages of descriptions 


dis oint and 
across rates of presentation, Patterns, and modalities for each start p 
method of pattern presentation. 


Experiment x 


EI ; sentation 
In Experiment 1 patterns were presented using individual modality pre 
or compatible presentation. 


Method 


Subjects. The subjects were 84 Kansas State 
was paid for the task which took about 75 min. 

Modalites. Seven modality conditions 
(A), tactile (T), vision (V)], the 3 pairs 
vision (A-V), tactile-vision (T-V)] and 
[audition-tactile-vision (A-T-V)]. 

Experimental design. The basic unit 
patterns, each presented 


D ubject 
University undergraduates. Each s 


P ‘audition 
were used: the 3 individual modalities Le ee 
of modalities [audition-tactile (A-T), odalities 
the single combination of all three m 


ities; 
1 » 3 rates of Presentation, 2 start Points, and 7 parce f 
subject was presented 3 of the 7 modality conditions and ro of the 60 possible con 
each modality, 


ing t 
: erefore, each condition appeared once pne 
block of ro trials i € second block, and once during the third block. 
o form the different modali 


and modality orders. A di 
and all 84 subj 
conditions, 
Presented t. 
The subje 


z É gt: rn 
ading to 84 unique combinations of patte pina 


‘ inati! 
ferent subject was randomly assigned to each unique com dality 
s 


ects counterbalanced the 


Results 


Pattern identification. 


The delay, avera 
of presentation x start p 


ry rate 
e 

l ged across the 10 patterns, at ev 

omnt X mod 


ality condition is shown in Table II. 
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Taste IT 
Individual modality and compatible presentation 


Be NEUEM EL LM ALL 


Rate of presentation 
(elements/sec.) 


I 2 4 
Start point Start point Start point 
P Non- Non- Non- Average 

Modality Preferred preferred Preferred preferred Preferred preferred delay 
2 25 37 36 66 131 156 75 
v 26 41 40 68 133 253 94 
A-T 24 36 38 63 255 278 116 
A-V 25 39 41 61 135 19I 82 
Tey 24 34 32 57 91 112 58 
n 23 42 44 74 145 236 94 

i 23 37 31 67 128 160 74 
Average 25 38 37 65 145 198 


EU VAL © — nite UE EM E A SLE EE 


"The average number of elements presented until the patterns were correctly identified. 


The effects of rate of presentation and start point were straightforward; in- 
Creasing the rate of presentation produced significantly greater delay in pattern 
identification and, at every rate of presentation, starting the pattern at the NPSP 
Produced significantly greater delay in pattern identification. These results 
replicate those of Garner and Gottwald (1968) and generalize them to the T modality 
and combinations of modalities. 

_ There was no consistent difference in rate of pattern identification using indi- 
Vidual modalities since the rank order of difficulty changed as the rate of presenta- 
tion increased. At the slow rate of presentation there was little difference among 
Modalities although patterns presented in the V modality were slightly easier to 
identify, At the fast rates of presentation, patterns presented in the A modality 
Were easiest to identify, those in the T modality next, and patterns presented in the 

Modality were hardest to identify (observations also made by Garner and 

9ttwald, 1968). In addition, when patterns started at PSP, patterns presented in 

eT modality were easy to identify (similar to the rate of identification of patterns 
Presented in the A modality), but when patterns started at NPSP, patterns pre- 
“ented in the T modality were hard to identify (similar to the rate of identification 


of ‘ 
Patterns presented in the V modality). DON 
here were significant differences in rate of pattern identification among pairs of 
combination produced the best 


Modalities. Pattern presentation using the A-V ? 
eerformance; the results in the A-T combination were intermediate; and the T-V 
combination produced the poorest performance. Furthermore, only the A-V 
mod nation produced significantly better pattern identification than its component 

alities, At all 6 rate of presentation x start point conditions, the A-V 


t 


for Analyses of variance were carried out on the logs of the median delay until pattern identification 
Experiments r and 2. All effects discussed were significant at least at the oos level. 
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i iti of pattern 
combination was easier than either the A or V modalities. The rate a te sid 
identification using the A-T or the T-V combinations was intermediate 
of their component modalities. 


; all 
Pattern organization. When patterns started at PSP, the peri viduus v 
described beginning at the PSP Whether they were presented in indivi 
ties (89 per cent) or in combinations of modalities (89 per cent). —— 
When patterns started at NPSP, and were presented in individua ate 
19 per cent of the descriptions began at the NPSP. When patterns t of the 
combinations of modalities, 12 per cen € 
A further analysis indicated that for 27 pe ndi 
ual modalities, the NPSP was the element 1 


s pre- 
Scription. For the IS per cent of ueni to 
sented in combinations of modalities, the NPSP was the element most ofte: 


Sabie 0:05; 
begin the pattern description. Both measures differ significantly i w^ 
atest) between individual modality presentation and two- or three- : 


n 
3 nted L 
presentation. Therefore, When patterns started at NPSP, and were prese 

two- or three-modalities, subjects 


: tarting 
were more likely to describe the pattern 8 per 
at PSP than when patterns were presented in one modality (66 per cent vs. 
cent). 
Discussion 


j : jon 
There is no simple means of predicting from the rate of pattern identi a 
using individual modalities which pair of modalities will produce — i 

ificati Although patterns peene 
> rns presented in the A-V com e A 
her pair or triplet of modalities. In addition, only t 
combination produced i 


alities: 


ooper, Harris, MacNeilage and Studdert-Kennedy, ay 
urdock, 1968). The rate of patt : odalities ™ A 
epend on how fhe inherent Pattern identification using pairs of m al 


u 

. ane, rcept 

cum : Properties of the modalities mesh; the pe rac 

characteristics of pairs of modalities “re not simply the summation of the ch? 
idual modalities. 


Subjects, 


Seniors; they were Paid for 4 
Previous exp 
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Modalities. The 3 pairs of modalities from Experiment 1 were used. 


Experimental design. The experimental design counterbalanced both the order of presen- 
tation of the modalities and the order of presentation of the patterns. 

The method of counterbalancing the patterns was exactly the same as used in Experiment 1. 

he 3 pairs of modalities have 6 different orders and all 6 orders of the modalities were 
Paired with each of the 6 pattern orders resulting in 36 unique combinations. One subject 
Was assigned to each combination. Every pattern X rate of presentation X start point X 
modality condition was presented to 6 subjects. For every pair of modalities, each modality 
Presented the pattern and its complement equally often. 

'The subjects were pretrained on two patterns not used in the experiment. All modality 
and rate of presentation conditions were demonstrated. During the experimental session, 


the subject was told the rate of presentation and modality condition before each pattern was 
Presented. 


Results 


Pattern identification. The delay, averaged across the ro patterns, at every rate 
of presentation x start pointx modality condition is shown in Table III. 


Taste III 
Incompatbile presentation 


Rate of presentation 
(Elements/sec.) 


I 2 4 
Start point Start point Start point 

M Non- Non- Non- Average 

Odality Preferred preferred Preferred preferred Preferred preferred delay 
res 26 38 39 57 127 214 84 
d 23 47 32 65 III 158 73 

V 30 45 48 6o 126 220 88 
Average 26 43 40 61 121 197 


— M ON OLLI ee 


The average number of elements presented until the patterns were correctly identified. 


Increasing the rate of presentation produced significantly greater delay in 
Pattern identification. At every rate of presentation, starting a pattern at a NPSP 
Produced significantly greater delay than starting the pattern at a PSP. - 

_ There were significant differences among pairs of modalities; the A-V combina- 
tion produced the best pattern identification, the A-T combination was intermediate 
and the T-V combination produced the poorest identification. 


Pattern organization. When patterns started at PSP, the pattern was usually 
described beginning at the PSP (86 per cent). When patterns started at NPSP, 
16 per cent of the descriptions began at the NPSP. For 23 per cent of the patterns, 
ts NPSP was the element most often used to begin the pattern description. 
ince the subject can correctly identify the sequence by describing the pattern 
presented in one modality or the complement presented in the second modality, it 

Possible to determine if modality preferences exist. The pattern presented in the 


6. S. HANDEL AND L. BUFFARDI 
204 


-— A -V bination 
A modality was used for 90 per cent of the descriptions using the A-V ie E o 
and for 88 per cent of the descriptions using the A-T combination. 


ipti ing the T-V 
in the T modality was used for 75 per cent of the descriptions using 

in 

combination. 


Discussion 


s : tion was 
Pattern identification when using compatible or eee e wegen wate 
essentially the same; the effects of rate of presentation an h al rani ordét of 
identical and the pairs of modalities in both methods had the iden d A. modality 
difficulty. The subjects demonstrated modality preferences. 


x 1 to the 
was preferred to the T or V modalities, and the T modality was preferred 
modality. 


à -V Incom- 
-V Incompatible (73), A (75), A-T (82), A-T Incompatible (83), T T delay 
patible (88), T (93), T-V (94), V (116). Averaged across euch adir le 
using incompatible Presentation was 78 elements, the delay using in 


1 ntation 
ts, and the delay using individual modality prese 
Was 94 elements. 


I element/sec,-NPSp 


-mul- 
We à J f sim 
individual modalit least as easy as either method sentation 
taneous presentation, using individual modality pres 


t$; 
> lemen 
mpatible presentation was 34 € 


elements/sec.-pgp. 4e 
methods of simultaneo 
Presentation. The ay 


lements/sec.-NPSp_ 
US presentati, 


: m comt on. 
€ e n or individual modality presentation In addition, tati! 
Presentation produced slightly better i 


: sentar, 
ation than individual modality P difficul y 
ared and all methods were of eq 
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identification. However, out of 9 ordinal comparisons (3 pairs of modalities x 
3 experimental conditions), compatible presentation of pairs of modalities produced 
faster identification than both component modalities 5 times, intermediate identifi- 
cation 2 times, and slower identification than both component modalities 2 times. 
Incompatible presentation produced faster identification than both component 
Modalities 6 times, intermediate identification 3 times, and never produced slower 
identification than both component modalities. Therefore, for these 3 conditions, 
both methods of simultaneous presentation produced faster pattern identification 
than presentation in the best (in rate of pattern identification) component modality 
of a pair of modalities. 

Our results clearly support the distinction made by Garner and Gottwald (1968) 

etween pattern learning and pattern perception. At slow rates of presentation, up 
to. 2 elements/sec., patterns are learned as a sequence of elements; a process which is 
Unintegrated, derived and active. At faster rates of presentation, patterns are 
Perceived as a whole; a process which is phenomenally integrated, immediate and 
Passive, 

The major difference between the 2 sets of experimental conditions is rate of 
Presentation. When patterns are learned (first set), presentation of the pattern in 
2 modalities does not improve pattern identification. But when patterns are 
Perceived (second set), compatible and incompatible presentation produce faster 
Pattern identification. The similarity in rate of pattern identification using either 
method of simultaneous presentation leads to the conclusion that what is being 
Integrated is the pattern, not the spatial elements, and not the pattern descriptions. 

he distinction between learning and perception resolves the apparent anomalous 
result that stimulus-stimulus incompatibility improves the rate of pattern identifica- 
tion, At slow rates of presentation, the pattern is learned as a series of elements and 
the stimuli are the spatial elements; the spatial elements are indeed incompatible 
and the incompatibility produces the poorest performance. At faster rates of 
Présentation, the pattern is perceived and learned as a unified whole. The 
Patterns are the stimuli; the stimuli are not the spatial elements. Since the pattern 
x: each modality is identical, the stimuli are not incompatible, and the subject can 

Se the identical pattern in each modality to identify the pattern. 

wat research was supported in part by the Bureau of General Research, Kansas State 

Versity, and in part by NASA University Sustaining Grant NSG-692. 
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IMPROVEMENT IN MEMORY 
WITH TIME 


FELICIA A. HUPPERT} AND J. A. DEUTSCH 
University of California, San Diego 


Groups of rats which had incompletely learnt to escape from shock into the lit arm 
Of a Y-maze, were tested for retention of the habit at various times after training. 
These times ranged from 30 min. to 17 days. Retention was found to be poor 
from 30 min. to 5 days, showed a marked improvement at 7 to 10 days and a 
subsequent decrement after 14 days. These results parallel those previously 
found for the differential susceptibility to cholinergic drugs of habits of different 
age. They provide further evidence that memory strength increases with time 
up to a point, and then gradually decreases. 


Introduction 


It has been noted (Deutsch, Hamburg and Dahl, 1966; Deutsch and Rocklin, 1967; 
amburg, 1967; Wiener and Deutsch, 1968) that memories which have been 
Stored for different lengths of time are differentially sensitive to treatment with 
cholinergic drugs. Such differences in susceptibility span days or weeks, rather 
than minutes or hours (as has been reported for most other treatments; Deutsch, 
1962; McGaugh, 1966). It has been found that at times when control rats forget a 
"maze habit (28 days after training), rats injected with anitcholinesterase show 
facilitation of memory for the habit (Deutsch and Leibowitz, 1967; Wiener and 
eutsch, 1968). However, at times when control rats remember the habit (up 
to 28 days), there is no simple relationship between the behaviour of controls and 
the behaviour of rats injected with the drug. When administered 30 min. after 
training, the drug produces a slight impairment; 1 and 3 days after training the drug 
as no effect, and 7 days after training there is a severe impairment (Deutsch et al., 
1966; Hamburg, 1967). Since the drug results are believed to bea reflection of the 
Underlying strength of the memory, it might be argued that one should be able to 
See differences in the strength of a memory in an untreated group of animals at 
Various times after training. The fact that such a result was not found in previous 
Studies may be attributable to the training procedure, which involved training 
animals to a criterion of ro consecutive correct responses. Using this criterion, the 
Performance of control animals tends to be perfect during retest at least for the first 
2 to 3 weeks after training. Thusa “ceiling” effect may have been operating in the 
Previous studies. 
a present study we attempted to circumvent the “ceiling” effect by under- 
Ning the rats. Previous studies have shown that rats take about 36 trials to 


t Present address: Psychological Laboratory, University of Cambridge. 
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i i i : " ts 
reach the criterion of ro consecutive correct trials. In this study, we gave m n 3 
only 15 trials initially, and then measured the number of trials taken to reac 
criterion of 10 consecutive correct trials at various times after initial training. 


Method 
Subjects 


One hundred and sixteen Sprague-Dawle 
training were obtained from a local source ( 
an ad lib. diet. 


ime of 
y rats, weighing 300 to 350 g. at the e pe, 
Miller, Vista) and maintained in group cag 


Apparatus and procedure 


Subjects were trained 


. rj 5 ^j 4 " a 
5in.wideand6in.high. At the end of each arm was a plexi-glass shield behind which was 


ied 
P supplied with 65 v. a.c. when lit. A 0775 ma shock could be appie 
In the course of the experiment, shock was continually apP. 


s c 
» extending for 6 in. into each alley. The terminal 13 in. of ki 


into a lit alley interru 
nal 13 in. of a li 


r 1 € 15 trials of the trainin hase. 

Po E and a replication were Tun. There were so 55 in each study allot P 

eee 5 groups, each group Tepresenting a different training-testing interv d 
rst experiment, the intervals between trai 

14 days. In th = 


Results 
Table I shows th : rials 
taken to attain the ies i median and Standard deviation of the number al 


The comparability of the re 


Mann-Whitney U-tests, "There was 


MA an 
no significant difference between the mea”? 
or between th 8 da 


en 


hi 
MIT 


S 
Included in Figure 1 are the 1? 
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TABLE I 
Mean, median and standard deviation of trials to criterion as a function of the interval 
between training and testing 
ee eee 


Time between training and testing 


E 5 30 min. 1 day 3 days 7 days 14 days 
Xperiment 1: Mean 26:4 26:0 23:6 102 27:8 
Median 22:5 19'5 20'0 i5 270 
S.D. 192 2077 12:2 14'I 100 

i 1 day 5 days 7 days 10 days 17 days 
Replication: Mean 194 25'1 141 9'9 33°9 
Median 11:8 240 9'5 8:5 295 
S.D. 26:3 20:2 16:8 97 12:2 


for control 0, where rats were simply trained to criterion without prior training. 
his group took a mean of 35:9 trials to reach criterion. 

z A Kruskal-Wallis analysis of variance by ranks (Seigel, 1956, pp. 184-93) 
indicated that there was a significant overall effect due to training-testing interval 

20755, df—7, P< oor). A series of specific comparisons was then 
Carried out using Mann-Whitney U-tests. These showed that: (a) the 7 and 1o 
day groups were not significantly different from one another; (b) the 30 min., 1, 3, 
5» 14 and 17 day groups were not significantly different from one another; and (c) 
the 7 and ro day groups were significantly different from each of the other groups, 
With the f-value o-os, or better, in each case with the single exception that the 


difference between the ro day group and the 1 day group fell just short of signifi- 
ance, 


40 


Control O 


30 


Trials to criterion 


30min | 3 5 7 10 14 m 
Training - testing interval (days) 


Mos d 1. 'The mean number of trials taken by undertrained rats to relearn a Y-maze habit, as a 
pesita of the training-testing interval. (The data from Experiment 1 and the replication have been 
-) Control 0 represents the score of naive animals trained to criterion on the same task. 
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Discussion 


The results indicate that memory for an undertrained habit is stronger 7 to 10 
days after training than it is at shorter post-training intervals, and that by 17 days 
the habit is almost completely forgotten. 

Previous data have demonstrated that susceptibility to anticholinesterase drugs 
such as DFP and physostigmine is far greater for older memories (7 to 14 days) than 
for more recent memories (up to 5 days); i.e. older memories are completely blocked 
by these drugs, whereas newer memories are either unimpaired or only partially 
impaired. As one would expect block with an anticholinesterase only when a 


training; McMichael (1966) fo 


ble to sup 
Indeed, one 
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may well ask w : te evide 
nce changes hether there is adequa feat 


z ; : wi iS dM 
incubation. Itis peter i m ‘oes after training are ever caused are 
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experience, replaced in the black compartment with shock switched off, and allowed 
E into the neutral, white compartment. The 4-hr. group spend considerably 
M time in the white compartment than do the other groups, a finding which 
cMichael accepts as further evidence that fear is at a maximum at this time. 
However, in the absence of any additional data, one could more naturally inter- 
iow this result as indicating that the 4-hr. group is less fearful than the others. 
eel possibility remains open that demonstrations of improved avoidance 
aihe e with time since training may reflect alterations in memory strength 
bit T than fear incubation. What is needed are studies employing our paradigm 
using an appetitively motivated task. 
pather outcome of our experiment is of some interest. In an earlier study 
pnus and Leibowitz, 1967), control rats trained to a criterion of 10 consecutive 
feat E responses had forgotten the habit by 28 days. In our experiment the same 
eat as incompletely learned, and it was found that the habit was forgotten by 
This UA although the peak of memory strength still occurred at the same time. 
hake nding is evidence of a direct relationship between the initial strength of a 
and the length of time for which the habit is remembered. 
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SOME EVIDENCE FOR PARALLEL 
COMPARISONS IN A LETTER 
RECOGNITION TASK 


GILLIAN COHEN 
Institute of Experimental Psychology, University of Oxford 


Im "or 
Subjects were asked to judge successively presented letter trigrams Rosie 
"different." The different stimuli were divided into four groups; not ch. visually 
(NC), acoustically confusable (AC), visually confusable (VC), and bot thened 
and acoustically confusable (VC & AC). Reaction times (RT) were inr made 
only by the double confusability, It is argued that comparisons are norma 5 e the 
in both channels, so that confusability in a single channel has no effect zh nels 
alternative channel is unimpaired, RTs are only increased when both c Shen 
are slowed down, A further experiment confirms this interpretation. he VC 
the situation is manipulated so that only the visual channel is employed, t 
group shows the same increase as the VC & AC group. 


Introduction 


in 
$ a ich is stored f 
1S compared with a standard which is il it i$ 
or "different." Ina letter recognition ^ 
atching Process could be either acoustic (a nam 


memory, and classified as “same” 


: t ter 
ually presented letters commonly takes place in ide 
memory (Conrad, 1964; Wicke 


; so 7t 
lgren, 1965), but recognition experiments ® i. 
(Sternberg, 1967; Chase and Posner, 


i 
. H acous 
1965) point to a visual rather than oe endent 
; c f course, acoustic matching cannot be entirely indep e two 
of visual information, i i i 


Since visual identificati 


c 

B . s and 

nct alternatives at the comparison p ) he 
: (Posner, Boies, Eichelman and Taylor, 1909): it be 

Present experiments aim t i i 
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Ist Stimulus ISI 2nd Stimulus 


visual 
identif. 


(— — 
visual Judgement 
1 “comparison j-* 3 ! 


name or names 


~~ name | jJudgemento 


visual vis. coding 
identif. in STM 
2- way 


conversion 
possible 


name or names 
in STM 


name or names 


'/ 
FIGURE 1. A model for recognition with visual and acoustic comparisons operating in parallel. 


Conditions, This finding gives rise to the following hypotheses which are tested in 
the present experiment: 

(1) that the main effect of confusability occurs at the comparison or matching 
stage, rather than during identification; 

(2) that if matching were either visual or acoustic, then confusability of the 
relevant kind should either slow reaction times or increase errors; 

(3) that if both matching procedures were employed concurrently a single 
type of confusability would produce little or no effect, since one channel 
could still operate unimpaired; 

(4) that if both visual and acoustic confusability are present simultaneously, 
then both matching procedures would be hampered and reaction times would 
be slower, and error incidence increased. 


A parallel matching procedure also constitutes an explanation of the subject’s 
ability to detect and correct his own errors (Rabbitt, 19682). As the errors appear to 
represent fast premature responses, the mistake must be detected as a result of 
additional or alternative processing. A single comparison, or serial comparison 
model cannot explain the speed with which error correction follows the error 
Tésponse, If both visual and acoustic methods of recognition were employed in 
Parallel, an error based on one of these matches could be detected as soon as the 


0 
ther procedure was completed. 


Experiment x 
M ethod E 


Subjects. Six subjects completed the experiment. They were graduates and under- 
Btaduates of both sexes. All had previous experience as subjects in a similar experiment. 
€y were paid at an hourly rate. In addition a pay-off system was instituted whereby 
jects received 6d. extra for every RT below 350 msec., and lost 6d. for each error. 


T Materials. The stimuli consisted of consonant trigrams drawn from the sethsfpbdqct. 
* letters were printed from lower-case Letraset, Type Face Plantin, 24 point, on 6 X 4 
of Js cards, and subtended a visual angle of 529^ horizontally, and o:66? vertically. On 36 

€ trials the second stimulus (CS—the comparison stimulus) was the same as the first 
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visual 


acoustic 


TI T2 
VC 8 AC 
visual 


acoustic 
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FIGURE 2. The time 


i: 
i P th kinds 
at which a judgement is available is only affected when bo 
confusability are present, 


stimulus (MS—the memory stimulus). 


letter of the CS trigram differed from the 
Position. The 36 “differ 


ne 
" in which case 9 
On 36 trials it was different, in pen: in an. 
MS, and the different letter might o 

ent" trials were further sub-divided into four types: 


or 
(1) NC—not confusable. |. 


rQ 
n this group the substitutions were c for q and ee 
the other way round. That is, the different letter was neither visually nor ac! 
confusable with the one it replaced, 
(2) AC—acoustically confusable. 
These letters were found 
Wickelgren (op. cit.) 
(3) VC—visually confusable 
letters are the same shape at diffe 


rt 
d p fo 
Here the substitutions were p ph Conrad an 
to be acoustically confusable in the work o: 


itu" 
(4) VC & AC—both visually 


a subst 
. and acoustically confusing. In this group the 
tions were b for q and b for p, 


kground 
In each group the substitutions occurred in both directions. The remaining bac 
letters were equate i 


rough a Cambridge tachistoscope ıbje 
stimulus card (MS) was exposed for 2 sec. After an ist ce 5 e during which the "$) we 
continued to fixate the stimulus location on a blank field, the second stimulus car ‘same 
exposed following a verbal Warning signal The subject Was instructed to respon p 
or “different” by Pressing the a 


Pu the m 
PPropriately labelled switch. The position of 


game 
s d across subjects, Half pressed iuh a 
ominant hand, and the “different” Switch with the non-domina subje? 

half had the Opposite arrangement, The inter-tria] interval was ro sec., and the cin 
+ €Very 25 trials, Each Subjec; 


à 3 ith a SP?” t 
t had a practice run of 20 trials T abou 
n Went on to the experimental trials which la: 


7 
i ' » and “F 
Design. The order of the trials was arranged so that the sequence of “same” an 
ferent" trials varied randomly with i ) 
A fof 
trial €rent” trial (NC, VC, AC and VC & ed 

randomly distributed throughout t i i he pira a that they were Laer c ud 
Position in the “same” Sequences. For example, a "different" ko m 
» following a “different” trial, or following ger ee 

Tepetition affect RT (Rabbitt, 19680), it w ts halft 
n order to offset Practice and fatigue effec 
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Scoring. The time from the onset of the CS until the subject terminated the display by 
Pte a response switch was measured by a Decatron timer, accurate to within 10 msec. 
oth errors and RTs were recorded. The subject was told his RT at each trial. 


Results 


The mean RTs for the 6 subjects are shown in Table I. Error scores were 
excluded from the data. The scores for the four kinds of “different” judgement 


TABLE I 
Mean RTs (msec.) for the four kinds of “different” judgements and for "same" judgement 


Different Same 


NC AC vc VC & AC 
436 437 452 529 396 


En. HP o ME Ooo n e 


Were tested by two-way analysis of variance, subjects x type of confusion, and 
found to be significantly different, F = 10:992, d.f.3,15, P < oor. A Newman- 
Keuls test modified for use with samples of unequal sizes (Winer, 1962) was 
Performed to find which of the four conditions differed significantly from which of 
the others, ‘The results showed that while VC & AC differs with P < oor from 


NC, AC and VC, these do not differ significantly from each other. 
The over-all error rate was 8-3 per cent and the error distribution is shown in 


able II. The pay-off system was found to produce a higher than usual error rate, 


Taste II 
Error percentages for the four kinds of "different" judgements and for “same” judgements 


Different Same 


NC AC vc VC & AC 


but a reduced RT variance. The error distribution follows the same trend as the 
s. 


Discussion 


The results show that both visual and acoustic confusability must be present if 
© RTs are to be significantly slowed, or the errors markedly increased. The 
ee fusability does not raise the RTs or the errors above 
LÍ ofthe non-confusablegroup. "This result fits well with a parallel comparisons 
2 Odel. ‘The effect of the four conditions on such a model is represented in Figure 
h Assuming that the comparison process is slowed by introducing confusability, 
© diagram shows that a judgement will be available at time T, in the NC, VC and 

^ Conditions. Only in the VC & AC condition, when both comparison channels 
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RTs (msec) 


NC AC VC VC&AC 
Types of confusability 


FIGURE 3. The results of 


ion 
T" 3 r Reactio! 
Experiment I and of the two conditions in Experiment II. 
times as a function of differe; 


nt types of confusability. 


are hampered, is the jud 


= r F ; $ iye when 
slower than x AC, which makes it appear that visual comparisons (operativ This 


model, but some obj 
can be ruled out by 


(x) It may be objected that the su 
(b-d, and b 
confusable, or 
letters in the VC group (b-q and P-q). There is, however, no evidence to ape 
this view. All these lette € shape at different rotations. oi 


c e e p- dis- 
; ; q and b-d) are harder t9 5 
riminate than up-down mi s : P o 


ign 
miror images (like p-b and b-q). In the present p 
both up-down and left-rj i ore 
; C groups, so that it is unlikely that the VC & AC group would be ™ 
visually confusable, It 


. Qr might be argued that the longer 
increase in the identification time rather t 


t an 
RTs in the VC & AC group reflect 
If, for example, the letter “p” ; 


ê 
han an increase in the comparison he. 
identify than other letters, a long" nus 
arger number of “‘b’s” in the CS fos 5 
rformed to compare the mean RT n 
C group with the mean RT for CSs with “b test? 
other groups, The difference was Significant at P < o'oog. Further t 


test was pe nal 
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showed no significant differences between different letters within the same group. 
In short, RTs in the data do not vary with the occurrence of any particular letter in 
the CS; they vary with the relationship between a letter in the CS and the one in the 
MS for which it is substituted. ‘The longer RTs result from an increase in com- 
Parison time, not identification time. 

(3) A further objection can be made based on the fact that all the substitution 
letters are not changed with equal frequency. The letter “p” is a member of three 
groups, the VC, the AC, and the VC & AC groups, and is therefore changed 9 times 
in all; but “d” is a member of only one group, the VC & AC, and is only changed 
3times. The other substitution letters c, t, q and b are all changed 6 times. Ona 
response bias hypothesis the more often a given letter is changed, the faster a subject 
will detect such a change. A comparatively slow RT to a change on the letter “d” 
might therefore present an alternative explanation of the poorer performance in the 
VC & AC group. But comparison of the mean RTs for trials in which “p” is 
Changed and trials in which “d” is changed show no significant difference. Within 
the VC & AC group the mean RT for “p” is 532 msec. and for “d” it is 536 msec. 

response bias interpretation of the results is therefore not tenable. 


Experiment II 


A method was then sought to confirm the evidence for a recognition system 
Operating more than one channel of comparison. Ifa single type of confusability 
fails to slow reaction times because an alternative channel or mode of recognition is 
Still unhampered, then it follows that if the subject can be forced to employ one 
channel only, a single type of confusability in that channel should be effective in 

elaying judgement and slowing RTs. A method of manipulating the mode of 
Comparison similar to that used by Posner (1967) was thought likely to be successful. 

àe same materials were used, but the stimuli were to be judged under two different 
Criteria, "The original list was expanded so that an additional one third of the CSs 
Were in upper case letters. ‘The subject was then asked in one condition to judge 
f € stimuli the same if they had the same names, i.e. to make an acoustic match. In 
t 'S condition two kinds of pair were “same” (hsb = hsb and hsb = HSB), and 
P d kinds were “different” (hsb # hsp and hsb z HSP). In the other condition 
; € Subject was asked to judge the stimuli “same” only if they were visually identical, 
s to make a visual match such that only hsb — hsb was same" and hsb # HSB, 

fa hsp and hsb # HSP were all “different.” In this way it might result that 
When an acoustic match was required, acoustic confusions slowed reactions; and 


With a visual criterion the visual confusions should have more effect. 


M ethod 


Six new subjects attended for two sessions, 


The ; ; 
meth nt I. $ B 
fbl was sp i eee Half the subjects did the visual matching 


Work: 
ee through one condition at each session. 
and half did the acoustic matching first. 


Result s 


u Only the scores from trials with the lower-case CSs from the original list were 
Sed in the analysis. The mean RTs for the 6 subjects in both conditions are 
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Taste III 
Mean RTs (msec.) for the four kinds of “different” judgements and for "same" judgements 


under acoustic and visual criteria in Experiment II 


Different Same 
NC AC vc VC & AC 
Acoustic matching 502 488 509 558 469 


Visual matching 490 485 539 539 439 


shown in Table III. Two: 


In the name-matching task F — 6-1, with d.f. 3» 15, which is significant at 
P<oor A Newman-Keuls test showed that the VC & AC mean differed 


-way analysis of variance Siegel t significant at 
i a Scan dag (Siegel, 1956) gave a resul sig 


VC differed significantly from NC and from AC, but these pairs did not differ from 
each other, The level of significance was P < oor. 


sult with upper-case stimuli, Hence a single type of ve 
Visual one, raises RTs as much as dou 


» the results parallel those of Experiment i 
$ igher over-all because the introduction ^ 
group differs signifi as complicated the task, but only the double confusability 
P Significa; It is apparent that the subject e 
sk; but this finding is not surp m 
ecede name derivation which would make 
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1n parallel may vary with the nature of the task and the degree of practice. Although 
some studies such as Egeth’s (1966) have indicated a serial processing model, the 
experiments presented here are more consistent with a parallel one. 


This work was carried out while the author was in receipt of a Medical Research Council 
Scholarship. 
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. i ; eech 
e ates the interaction of syntactic structure and aP on 
perception with a response task which minimizes the effects of memory: rea 


2 - ps eac 
during sentences, (1) In 12-word unfamiliar enin irit 
» RT is relatively slow overall to clicks located at the end of t! 


This finding has been interpreted as the 
se grammar to impose clause structure wit 4 
response task that minim; n this Paper we demonstrate this d E 

P ask that mini Possible influence of memory strateg" g ti 
response biases. We also show th: 


speech processing 
major units, 
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Grammatical analysis divides sentences into major segments. For example, in 
Sentence (1) there are two clauses, 


(1) Peter ran quite fast but we caught him in the narrow valley. 


“(Peter ran quite fast)" and "(but we caught him in the narrow alley).” The 
behavioural relevance of this kind of formal segmentation has been demonstrated 
in a number of experiments. Using a technique developed by Ladefoged and 
Broadbent (1960), Fodor and Bever (1965) found that in the dichotic presentation 
of a click and a spoken sentence, subjects recalled the location of the click as 
displaced toward the major phrase boundaries between clauses. For example, a 
click actually located in “fast” or in “but” in (1) was reported as occurring between 

fast" and “but.” These results have been extended using sentence materials 
Which investigate intonational effects (Garrett, Bever and Fodor, 1966) the effect 
of sequence probability (Bever, Lackner and Stolz, 1969) and the relative effect of 
Surface and underlying syntactic structure (Bever, Lackner and Kirk, 1969). ‘The 
Conclusion from these studies is that the immediate segmentation of stimulus 
Sentences occurs at points between groups of phrases which are bound together by 
basic syntactic relations (e.g. the relations “actor, action, object, modifier"). 

In the click displacement experiments, subjects report the location of the click 
Shortly after hearing (and writing down) the sentence. This allows not only 
instantaneous attentional strategies, but also delayed encoding strategies, and 
Subsequent response strategies to affect the reported click location. Therefore, the 
Previous studies show that the formal syntactic structure of a sentence plays a 
PSychological role in immediate attention, in perceptual analysis, in organizing the 
response, or in some combination of these three processes. 

; Our concern in the present research was to investigate how the formal segmenta- 
tion of speech affects immediate attention as measured by reaction time to clicks 
Presented during the sentences. Reaction time to clicks is quite fast (100 to 300 
msec.) so that any systematic effects of syntactic phrase structure on reaction time 
Would occur within a syllable of the actual click presentation. Therefore, any 
Systematic effects on reaction time could not be due to slightly delayed operations in 
the analysis of the sentence or to post-stimulus response strategies. The claim in 
Previous accounts of click location errors has been that the points between clauses 
Tepresent points of minimum attention to speech and maximum attention to other 
Stimuli. Thus our primary hypothesis was that clicks objectively occurring in 
Clause breaks should receive faster reaction times than clicks in any other location. 


Experiment 1 
Methog P 


h were recorded with subdued (but normal) 


; Nine 12-word sentences with two clauses eac: : d 
Onation, "These sentences had a clause break after the fifth, sixth or seventh word (see 


ma Pendix), Three tape copies of the original sentences were spliced into three different 
orge mental orders such that sentences which were among the first third of one experimental 
Sin r Were among the middle and last third of the other two orders. In each sentence a 
rell le pulse was located on the second track of a stereophonic tape in one of three positions 
n ee to the major clause break; in one copy 1t was placed in the word before the break, in 

Copy after the clause break and in one copy it was placed in the clause break. (The two 
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experi- 
words preceding and following the break were monosyllables.) uc He ake me ae 
mental orders, a given sentence had pulses located in each of three positio JGucvepe 
clause break. In each experimental order there were three sentences rec Serre 
three sentences with pulses in, and three sentences with pulses after the Ps e of ed 
were presented so that each pulse position was represented eem boas Se three vatiibitn 
experimental order. Thus, the experimental design was balance ume e imeotal oi 
of clause break position, pulse position relative to the clause break and exp 


imenta 
i j experime! 
hree normally-spoken 12-word practice sentences with a pulse preceded each exp 
order of nine. 


closed a telegraph key. 
Subjects were 12 M.L T. 
instructed to hold the fingers of his ri 


+ act 
4 : 4 ;, the subje 
To insure high attention to the reaction time task, t 


trials.) To insure 


immediately after hearing it. The se 
the right ear, 


y » 
I2 sentences (“presentation 2 f the 12 


Results 


There are two findings: 


(1) The main h 


r clause 
breaks did not rec 


e 
à thos 
clause breaks had longer reaction times than 
located after clause break, 


yd 
É aà h " d thi 
Mean reaction times toclicks before, in and after points between clauses, in first, second an 
presentation of sentences (Ex 


‘periment I sentences spoken naturally) 


ation 
Ist Presentation 2nd presentation 3rd presen? 
Before-clause break 243 202 ili 
In-clause break 230 18 109 
After-clause break > 


216 189 179 
a a eS e aka 


jn 
P ns! 
able I presents the mean reaction time (RT) for each of the click p d be 
each of the Presentation groups. The Prediction that in-break clicks Wo 
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responded to fastest was not confirmed overall. "This was tested first by comparing 
the average RT for each subject of in-break with before-break and with after-break 
clicks for all presentation groups together (P < 077 one-tail by Wilcoxon matched- 
pairs signed ranks test on 12 subjects for each comparison. In this paper all 
Significance measures are by a Wilcoxon matched-pairs signed ranks test across 
subjects or sentences, unless otherwise indicated). For the separate presentation 
groups the main prediction was not confirmed except for the difference between 
before-break clicks and in-break clicks in presentation 2 (P < 0°03 one-tail). 

Clicks preceding breaks were responded to more slowly than clicks following 
breaks. This was confirmed over all presentation groups considered together 
(P < oog two-tail). There was an experience effect: the slowness of RT’s to 
before-break was confirmed for presentation groups 1 (P < 0-05) and 2 (P < 0:025) 
and was not confirmed for presentation 3. 

Subjects’ RT might have become faster as a function of how much of the 
Sentence had passed; they might have noticed that the sentences were all about 
the same length, and could have adopted a strategy of increasing expectation for the 
click as they heard the sentence. If this were true, the relative slowness of RT to 
before-break clicks might not have been due to the syntactic structure itself, but 
rather to the fact that before-break clicks on the average appeared one word earlier 
than after-break clicks, ‘To test this we calculated a separate average RT for each 
Subject for each presentation order, of the responses to the sentences with the 
Clause break after the fifth, sixth and seventh word. None of the differences were 
Significant (by a Wilcoxon test on those subjects who contributed scorable responses 
in all syntactic positions in every presentation group). . i 

If RT is affected by ongoing perceptual analysis, the results of this experiment 
Suggest that the original view of the nature of the displacement of clicks in speech 
Was not correct. Although before-break clicks receive slower RT than after-break 
clicks, in-break clicks do not receive the fastest RT. This implies that it is not the 
Case that sensory attention to non-speech material is highest between clauses. 

The failure to confirm our main hypothesis and the relative slowness of before- 
break clicks in Experiment I might be due to acoustic cues of structure such as 
intonation and pauses rather than due to the active use of structure in sentence 
Perception, since the sentences in Experiment I were spoken with normal intonation. 

Xperiment II was designed to eliminate the possibility of this kind of artifact. 
ubjects were also asked to locate the clicks after hearing each sentence so that we 
could compare the processes of click location and reaction to clicks. 


Experiment II 
M, ethod P 


Te three groups of 12 sentences used in Experime 
t recorded the individual words separately 


hirty right-handed, undergraduate native speakers of English were run in individual 
The subject responded by releasing a telegraph key (instead of closing it as in 
lick heard in the right ear. As further practice, the subject 
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eS 
š lc -word sentence 
then responded to clicks in the right ear with five quem as. auae na in same dei 
presented to the left ear. After this, the experimental sequence was exactly 3 


Results 
There are three findings (see Table II): 


: did not 

(1) The main hypothesis was not confirmed. In-break clicks 

receive the fastest RT. 
(2) (a) RT to clicks at 

beginning of clauses in , 

in presentation 3. — 
i (b) Within presentation 1, RT to clicks at the ends of clauses inc 


iet ses was 
with the length of the clause, while RT to Clicks at the beginnings of clau 
unaffected by the length of the preceding clause, 


: ; ndings: 
(3) (a) Post-stimulus click location responses replicated previous fi 


h qus s resenta" 
Subjects tended to locate clicks in the break in all sentences and all p 
tions. 


e 
icks at th 
the ends of clauses was slower than n mr 
presentations r and 2 and the opposite effec 


(b) "There was no evidence that 


ime 
: jon tim 
the mechanisms affecting reacti 
and click location are the same. 


Mean reaction times to clicks before, in a 


tape- 
third presentation of sentences (Experiment IT Sentences artificially constructed by 


Splicing) 


jon 
8 : entat1o 
Ist presentation 2nd presentation 3rd pres 


Before clause break 


248 207 ie 

In-clause break 239 201 193 

After-clause break 234 194 ue 
The Prediction tha; 


for any comparison j 
than before-break re: 
Presentation order. h 
H . on : 
As in Experiment I, the Presentation order had a considerable effect 
extent to which before-b 


ither fa 
order: in-break responses are or "e 
han after-break response 
e 


. r- 1 
: reak clicks are responded to more slowly than after tail 
clicks. In Presentation 1, this effect was strongly confirmed (P < 0o16 = ei 
on 30 subjects); im presentation 2, the effect was weakly confirmed (P < 0 
tail); and in presentation 


: sent?" 
; 3, the effect Was not confirmed at all. In fact, in pe bre i 
tion 3, before-break clic! gnificantly faster than afte s 


= werde 
etween the presentation ee mse^ 
to before-break clicks (7 in 


and 
: ` econd 
nd after points between clauses, in first, $ 
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Experiment II). Reaction time to after-break clicks is considerably less affected by 
practice (37 msec. difference for Experiment I, 38 msec. for Experiment II) 
(P — o-o2 two-tail across subjects for the relative susceptibility of before-break 
clicks to familiarity in Experiment II). 

The lack of prosodic cues in this experiment led to a higher error rate on correctly 
recalling the sentence, so each response was categorized according to whether the 
recall was substantially correct or incorrect. In presentation 1, 34 per cent of the 
sentences were not recalled correctly so it might be the case that the relative 
slowness of RT to before-break clicks is arbitrarily related to perceptual processing 
of the syntactic structure. To check for this, we tested this effect separately on 
those responses for which the sentence was correctly recalled and on those for which 
the sentence was incorrectly recalled. The relative slowness of RT to before-break 
clicks was confirmed across both sets of responses (P < oos, one-tail for correct- 
recall responses; P < 0-02 one-tail for incorrect-recall responses). 

As in Experiment I, before-break clicks tended objectively to precede after-break 
clicks by one word. If a systematic decrease in reaction time were correlated with 
the number of syllables of the sentence that had occurred before the click then the 
tendency for before-break clicks to receive slow RT’s might not be due to the 
Syntactic structure. In Experiment II, there were enough subjects to test this 
effect for those sentence-syllable positions only in which both before-break and 
after-break clicks occurred (albeit in different sentences). When only overlapping 
Sentence-syllable positions are included, the effect is confirmed, although less 


Strongly (P < 0-06, one-tail). 


325 


Before break ; 


305 


285 
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Reaction time (msec) 


N y 
Afterbreak N, / 
Nu 


205 Y 
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No. of syllables from begining of sentence 


eye tcure 1. The effect of absolute length of preceding sequence on reaction time to clicks in the 


Tee di = Ne 
different syntactic positions. 


286 K. ABRAMS AND T. G. BEVER 


However, there was also a general interaction of the number of syllables a hi 
sentence prior to the click with the relative slowness of RT to before-break : "i 
This interaction is presented in Figure 1 which displays the RT's according (For 
number of syllables from the beginning of the sentence in which they Ad A 
example, in sentence (1), a before-break click occurred in the fifth syllable, As 
break click between the fifth and sixth syllables and the after-break click in the e 
syllable.) Before-break Tesponse times are slower than after-break response ti - 
for clicks objectively located in the fifth, sixth or seventh syllables fr A M. 
beginning of the sentence, That is, RT to before-break clicks are much D à 
than to after-break clicks for the fifth, sixth and seventh syllable positions ( 


The shift in the relative Slowness of RT to befo 


Em 
entirely to an increase in RT to before-break clicks in the later syllable position 
(the difference between R'T to clicks in 


, 


nstant for all syllable positions. The responses to 11" 


? : nts. 
*S replicates the results of previous experimen! 


in the first five to seven syll 
That is, Sentence-click co 


:aptiVO 
` ect! 
me and accuracy in subject’ 
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jective location responses were divided into those which preceded the objective click 
location, and those that followed the objective location. The reaction time to 
those clicks subjectively reported as preceding their actual location was not faster 
than for those reported as following their actual location. 


Discussion 


The main goal of these experiments was to substantiate the earlier claims that 
syntactic knowledge is actively utilized in the perception of speech. We found that 
reaction time to clicks before clause breaks is affected by clause length and by 
familiarity with the sentence more than the reaction time to clicks after clause 
breaks. This indicates that syntactic structure does systematically modulate 
attention during speech perception. The fact that these effects occur in response 
to artificially constructed stimuli (as in Experiment II) shows that they are not due 
to any superficial acoustic cues of syntactic structure. Rather, listeners must 
actively provide the structural analysis which guides their attention as they hear 
each sentence. The results also indicate that attention to non-speech activity is 
reduced at the ends of clauses rather than enhanced: before-break clicks receive 
reactions which actually occur during the clause break, and it is these reactions 
Which are the longest overall; furthermore, reaction times to clicks objectively in the 

reak are not fastest. 

These results are not consistent with the view that the points between clauses ina 
Speech “channel” demand the least attention away from a click on a competing click 

Channel" Several recent experiments support a different view of theinteraction 
of attentional processes (Kahneman, 1967. A similar view is proposed by Wundt in 


hysiologischen Studien, pp. 256 f). According to this view, carrying out the 


Perceptual analysis of a stimulus is an activity which draws attention away from all 
ition for immediate attention 1s not 


Other activities. ‘Thus, on this view, compet 
tween one sensory information input “channel” and another, but between all 
external sensory inputs and all internal perceptual analysis (see Bever 1968). j 
N sentences, the clause is a natural unit for internal perceptual analysis: during 


Clauses we listen to the speech and non-speech stimuli: at the ends of clauses we 
«ncode perceptually what we have just heard. Accordingly, a click at the end ofa 
h the point of 


Clause is responded to relatively slowly because it coincides wit poi 
A click at the beginning of 


‘ternal perceptual analysis of the preceding sequence. ‘ £ 
a clause pa Brom ry arta ate because it conflicts with relatively little 
‘ternal perceptual processing. : ‘diate 
n both Experiments I and II the relation of the syntax surrounding a clic an 

reaction time reversed for sentences as they became increasingly familiar. The 
reversal in the effect of syntax on reaction time in familiar sentences reflects a change 
the point at which the internal analysis of the clause takes place. In the 
Perception of a novel sentence, the listener organizes the immediately preceding 
qimulus material near the end of each clause. On the other hand, in the recogni- 

on of an already-learned sentence, its internal organization 1s already present in 
ey, and the listener’s only task is to check which of the previously heard 

Dtences itis. Recent work suggests that the beginning of a constituent predicts 
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the end of that constituent better than vice versa (Johnson, 1966). T 
reasonable recognition strategy would be to match internally the beginning o Ko 
clause to the set of previously heard clauses to see which of those clauses it is: E. 
comparing the beginning of the clause with the stored representation, the rest o E 
clause would be relatively predictable. Accordingly, familiarity with a sente it 
decreases RT to clicks at the end of a clause relatively more than familiarity 
decreases RT to clicks at the beginning of a clause, 

Our interpretation of the effect of inter d-of- 
attention is also consistent with the fact that clause length decreases RT to end-c 
clause clicks but does not affect RT to click 
sentences. The Predictability of the end of a clause increases with clause len 
his internal perceptual analysis of a long clause be PE 
the end of the clause. A click at the end of long clauses would thus occur just me 
the internal analysis is completed and while the listener is checking the predict 

sitions are responded to relatively fast. ne anid 
Ocation are “attracted” to the break for both unfamiliar p 
t ; for sentences with short and long first clauses. Thus 


units 
€ speech except between perceptual v as 
“channel.” The effectiveness of the ber ag 
ency to locate clicks between them —-— on 
à ensory attention to the click “channe 
between such units, d 


location are due to Perceptua] Processi 


the spe i 
ae dain el inet s an ace it 
: : & the internal Perceptual organization of the speech. el 
Systematic attraction of click location by clause breaks indicates that the "chan? 
view of perception is true for speech and cl 
such initial perceptual Organization, Ts 
into major Segments, then they relate th 
m» that maintains the integrity of the 
clicks, 


EE Sl 
J) mam M 
. ——MÀ—Ne 
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poa secre of these experiments require investigation with different 
sieh es an eed of additional theoretical variables. Reacting to a click in a 
p» am itse highly disruptive and may introduce special perceptual properties. 
EN be aca of the relative slowness of RT to before-break clicks for sentences 
i dme aes late clause breaks and for all sentences when they are familiar, 
> aa hat factors such as sentence length and sequence predictability may be as 
ae = well as syntactic structure. Nevertheless, these results do demonstrate 
liste syntactic knowledge continuously modulates immediate attention during 

ning, as well as providing the basis for the subsequent perceptual segmentation 


o; ; : : ; 
f speech into discrete major units. 
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APPENDIX 
The Sentences used in Experiments I, II and III 


In addition to his wives, the prince brought the court's only dwarf. 
They fought tooth and nail, to get past the huge angry crowd. 

By making his plan known, 
Since she was free that day, her friends asked her to come. 
If you did call up Bill, I thank you for your trouble. 

We asked the mean old man, to be kind to his dog. 

That the matter was dealt w 
After the dry summer of tha 
Any student who is bright b 


ith fast, was a surprise to Harry. 
t year, most crops were completely lost. 
ut young, would not have seen it. 


Jim brought out the objections of everybody. 


ves 


e 


Q. Jl exp. Psychol. (1969) 2x, 291-298 
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poe Discrimination Learning. Edited by R. M. Gilbert and N. S. Sutherland. London: 
cademic Press. 1969. Pp. xvi + 501. 135S- 


ue papers in this volume grew out of the proceedings of a symposium held by the 
pee eo Analysis of Behaviour Group at the University of Sussex in 1967, some of them 
ing solicited after the conference "'in order to round off the discussion of certain topics.” 
“ra of the material, as one may expect, concerns the role of selective attention in discrimi- 
ion learning. Chapters by D. R. Thomas, Honig, A. R. Wagner, J. M. Warren and 
sud coma, and S. Siegel are written from this point of view, and contain discussion of 
AE matters as the Overtraining Reversal effect, extra-dimensional discrimination training, 
incidental stimuli. On the whole, the kind of theory associated with the work of 

Dra mes and more recently Sutherland and Mackintosh, suffers rather badly at the hands 
ese investigators; but there is little doubt (as Thomas points out) that it had lead to a 
Sreat deal of important work being done which would have been unlikely to grow from a less 


inspi : 
aen theoretical basis. 
riefly, the other chapters contain discussions of: generalization of conditioned suppression 
lity learning (an entertaining con- 


ent comparative studies of reversal and probabi ( 

BS AES between Mackintosh and Bitterman), Contrast and the peak shift (Bloomfield), PRE 

ti rustration theory (a mathematical approach by Gray and Smith), "Temporal discrimina- 
A (chapters by Harzem and Boakes), Mass action and split-brain learning (Russell), and 

onea ination under avoidance schedules (Hurwitz and Dillow). Keehn and Gilbert 

bug general discussions, and Sutherland advances his latest views on pattern recogni- 


Most of the chapters are highly instructive, and the book as a whole is well produced with 


ae exception of a few confusing errors. Figure 1 in Honig’s chapter surely has its groups 
ongly labelled, and the only way to make sense out of the second paragraph in Warren and 
Tn f;onigle's discussion of the additivity of cues is to read “noncontinuity” for “continuity. 
x iscussing an experiment by Wall, Harzem claims (p. 322) that € ere the longer latencies, at 
Head 30 seconds after reinforcement, gradually increased,” but Wall’s data seem to show 
exact reverse. 


ese minor points aside, a rather general criticism may be levelled against the treatment 


ion €neralization. The central question is: how do we measure the sharpness of a generaliza- 
gradient? Relative sharpness of gradients is a vital theme in several Chapters, and we 
d take as an example Honig’s claim that gradients are sharpened by true zeleti 
in std0-discrimination procedures. Of course, it 1s simple to show that two gradient i > 

iny, arpness when the same number of responses 1S distributed between them, for t p A 
8c. ae he curves crossing, and thus differing on an ordina 
ac. But if the putatively sharper gradient encompasses à larger number of responses this 

i i i Honig adopts the common 

d on an equal-ratio scale: that is, 


n gradient of each subject was recalculated in terms of 
1 justication for this step, which 
flected in absolute differences in 
Suppose we find, for example, that a particular stimulus 
ding on two levers, but increases the percentage 


" wy rejecting the possibility that 
Present that is, on an interval scale? 
ted in extinction reduces total respon: 


291 
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: d- 
i i i es in respon! 

nding on the lever producing the stimulus while leaving absolute Lapis Mi respon 

Yus on ony two levers constant. Should we conclude that the dr us hai € — 

i hat it has no effect on preference DE. 

nd is sumultaneously preferred, or t i j pec 

i te scale? The choice of scale clearly determines the Ue meret abc So lim 

"This des ult of one of my own (unpublished) experi 


is not a failure to discriminate, The r 
way: only that the Shape of a gradien; 
The problem of detect 


z, G. Let 
uce and Tukey (1964)+ and I am grateful to pe id 
tion. Mr. Lea further points out that s E show any 
application of Luce and Tukey's measurement procedure to Hoffman's data eris view th? 
igni i ralization and extinction. This supports t ther th? 
extinction are perceptual ra 


M. J. Moroan 


o 
type 
; ics : a new 
(1964). Simultaneous conjoint measurement: à 
Psychol. I, 1-27, 


the changes i; 
mathematica], 


T Luce, R. D. and Tukey, J. W, 
fundamental measurement. J math, 


Discrimination L 
Paperback 21s, 


its defects are common to most 


ki E : are ll 
detail since whereas its virtues 
First, the aut 


a 
x 5 
of animal psychology. (€ and se P 
rmly held convictions of his ov nës; s yl 
€ repeatedly cites four or five theo: A t 
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(1942) experiment on irrelevant cue learning are treated in great detail. Yet both experi- 
ments are only of historical interest and were so badly designed as to be almost worthless; 
al the issues have in any case been clearly resolved by later experiments. Some of 
xim crucial of these are not even mentioned. In view of Terrace’s (1963) results, itis 
Sh rw pointless to argue about whether an animal can learn about one cue on trials 
tion ie ehaviour is controlled by another. Yet these results are not cited in this connec- 
x ough they are mentioned elsewhere in the book. 
onl ley s evaluation of theories is rather curious, since each theory is (deliberately) treated 
m in relation to the narrow range of experiments actually discussed in the book. Theories 
el never examined to see what range of facts they encompass, nor is their plausibility or 
*Bance considered. The reader is never made aware that the subject deals with organisms 
Pie an evolutionary history and that the way in which they work has been determined to a 
Onsiderable extent by evolutionary pressure. 
ES discussion is not always as clear as it might be. ‘The author has a tendency to take 
due ear iar that have been raised by others and to discuss them at length without con- 
tion Ing whether they are really worth discussing. For example, the section on generaliza- 
= aa alpes around the question of whether generalization is simply failure to discriminate 
Ere ether it represents response to discriminated similarities. Riley (in common with 
vie vious psychologists who have raised this issue) fails to clarify the issue. He writes “one 
Ra assumes that increasingly great differences become more detectable; the other that 
‘creasingly great differences, all of which are detected, can be scaled for magnitude of 
fference.” One can understand what the distinction represents in man—if a generalization 
Eradient is obtained from a human subject, then presumably the difference between the 
Stimuli is “detected” if the subject is able to verbalize it. What it means for an animal to 
€tect a difference to which it does not respond is not clear. 
ethaps some of the book's weaknesses stem from the author's avowed predilection 
PP. 13-14) for explanation in terms of principles rather than in terms of mechanisms. He 


Co: z " H . 
nitrasts physiological explanations of behaviour wi 


5 : 
ould be read by everyone interested in the field. Xii tira 


Annual Review of Psychology. Vol. 20. Palo Alto: Annual Reviews Inc. 1969. Pp. 


+ 544. $9.00. 


“From the Middle East, following in the traditi 
D omon (229), four interesting books have been published [Matthew (129), Maris fat 

eet 18), John (97)]: these are thorough developmental studies (birth to death!) ofa single 
n 1 “Trinity” theory of Christianity, while confirming a 
personal communication). 


on of Abraham (4), Moses (136) and 


ieee covered, and no significance 
Sup, € style of the Annual Review of Psychology, 
cu. cial criticisms is all too easy to parody, an 


Trent volume hi és 
i , where so many of the chapters are easy 1 € l 
WE are Developmental Psychology, Basic Drives, The Physiological Basis of Memory, 


Opp tion, The Chemical Senses, Perception, Colour Vision, Personality, Attitudes and 
Pinions, Electrical Stimulation of the Brain in Behavioral Context, Neuropsychological 
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j d 
i Selection an! 
Bases of Schizophrenia, Human Abilities, Instructional Psychology, Personnel 
i ap 1 Psychology, , 
ae ost among the successful chapters are Flavell and Hill s vemm amen wee c 
Shich:has some illuminating comments to make on the differences betwe 


à ; . autho 
elegant apology at the beginning of their chapter: ite aret 
are slighted may be consoled by the observation that truly original contributi 


TH 
Pair T. SM 


Cutaneous Sensation. 


1967 
Pp. xii + 306, 63s. 


a : S. 
By David Sinclair. London: Oxford University Pres 


sed 
M natio” 

hich he collates a vast amount i : a 

subject. Drawing upon nang prov a 

ith regard to cutaneous sensation, to all thos 

i d which will certainly be invaluable 

engaged in Sensory research, 

ed into four m 


st 
cover Td 
ain sections, Section I (General Background) n! 
of cutane, 


hi 
al fe “quality” * nd 
es the “specificity” theory, the e ‘idence he 
ion in the light of the experimental € holds 
‘ 5 
greatest promise for further arch, nervo” 
Professor Sinclair is of the opinio 


s 
g ople e 
echniques of electrophysiology which many P€C* at H 


14. 
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n cs is by definition a subjective problem, Professor Sinclair makes a plea for 
e rie Yep . He believes that a revival of enthusiasm for some existing methods 
ER rat! er than the invention of new ones. His own clear presentation of the problems 
a is synthesis of many small areas of study, should go a long way towards generating this 
nthusiasm. g 

Two shortcomings of this otherwise splendid work are that there is no author indes and 


the : i 
large reference section does not give the relevant page numbers. 
Diana R. HASLAM 


Modelling of Thinking and the Mind. By N. M. Amosov. Translated by L. Finegold. 
ew York: Spartan Books. London: Macmillan. 1967. Pp. xiii + 192. 


at The philosophical standpoint and the general assumptions of modelling living organisms 
activit ves levels of complexity are the most interesting features of this book. "The total 
of pee the most complicated systems such as human brain is ‘no more than a summation 
of C Sia in its simple elements.” Hence the author’s optimism in modelling and creating 
hone ines which have programs equivalent to that of the brain” (p. x). Contemporary 
antie (even psychology) must depart from qualitative descriptions and „proceed to 
in nave models z (p. xiii). Amosov's general hypothesis of modelling is based on 
activi ms. Its principle is hierarchical information processing, hierarchical program of 
Vities and hierarchical structure of systems. 
doa two of the five chapters deal with the modelling of mind. The book is an attempt to 
ion the development and mental activity of living organisms in informational terms 
studi Paying any attention to anatomy and physiology. The processing of information is 
US at the molecular, unicellular and multicellular level. The bases of any higher 
ical activity are the “programs of attention”: some pieces of information are "amplified" 
ems usileny, ie. intensified) others. suppressed; the relationship to Pavlov's and 
Eur mar s theories about “domination” is obvious. The suggested descriptive models of 
T sensations, creative activities, thinking and other brain functions are clearly the 
in tea of a clever cyberneticist but a superficial psychologist. We have great difficulties 
ing TR the concept of thinking; according to Amosov, however, “the concept of *think- 
(os ould not present any great difficulty nor should it require ex e 2 
DUAL Amosov does not avoid the fault (so common to many of his compatriots) of using 
erms with no specific meaning applied arbitrarily to various diverging concepts. 
ma = the original work and its translation are without bibliographical references which 
S it even more difficult to assess Amosov’s original contribution. 
€ painstakingly literal translation of Mr. Finegold does not cover up the inveterate 
t habit of trying to express materialist notions in idealistic language. 


Sovie 
Ivana MARKOVÁ 


Th , ; 
z Mind of Mnemonist. By A. R. Luria. London: Jonathan Cape. 1969. Pp. xi + 160. 


died over a period of nearly thirty years 


Th; 
his short but exquisite account of one man stu 2 hirty 
portant and influential contributions to 


Sb rove to be one of Professor Luria's most impo 7 x 
ing f ology. Here, for almost the first time, itis possible to watch the process of remember- 
Min within, to watch it at work in slow motion and to analyse the changes that occur 
the maturation; for the subject of the study “S,” carefully encouraged and drawn out by 
exten Server, is conscious of and able to describe processes which probably occur to some 
di t in everyone at a pre-verbal age and level, and which are therefore particularly 
cult to analyse. 

€ processes which S used to retain his material—imagery in all modalities—is typical of 
hild; it is interesting that when S wanted to extend 


Sym 8e, he had to contrive for himself a way of concentrating groups of events into 
ols and eventually blotting out some by “forgetting” them—processes which are 


Usua 
lly carried out by most people at an unconscious level. 


296 BOOK REVIEWS 


"E ing with 
The limitations of imagery for logical thinking and the difficulties that arise in dealing i 
sequential arguments if the incoming information is decoded in small chunks are ee book 
demonstrated, but despite—or perhaps because of—the information contained in € 
the nature and function of memorizing remain as obscure as ever. S’s memory Pi ange 
did not obey any of the “laws” which we have grown to regard as sacrosanct. dere à 
depend on rehearsal, they were not Subject to retro or pro-active inhibition. The pa t that 
time did not even dim them. There was no effect of serial position. If we accep 


: oe ^s computer 
mental processes can be envisaged as something like the output of computers, S’s comp 
had unlimited storage space. 


: A hen 5 
Unfortunately we learn even less about forgetting than we do about retention. W 


cê, 
did finally find a means of erasing images (not so much, it seems, to gain extra storage E 
but to avoid confusion during successive stage performances) the process remains 9" 
author says “as unfathomable to him as it did to those of us who were studying i-a 
merely decided to “will” an image away. “If I don’t want a chart to show up it W 
And it didn’t. 
Power to form and erase 


ot the 
only part of himself over 


body 


sonality or an indication i 
and prestige and decide 


Determinants of Infant Behaviour IV. Edited by B. M.Foss. London: Methuen. 
Pp. 303. £3 10s. 


s 
A most noticeable feature of developmental psychology during the last ten years S o ink 
been the rapid increase in interest in human infant behaviour and also the atttempt 


n 
H H H prs i 
data on this behaviour to equivalent work on sub-human species. The series of em istos 
Mother-Child interaction held be: 1a 


T em 

Institute accurately reflects these twin tre i foster thet 
nds and indee. eat deal to sin 

The books Produced by these se: Ba dones ge Fm 


, as much by generatin 


geneous there seems to have been littl inars 7 
This isa Pity since the purpose of these sem per 


on 


The first primate paper, that by Hr mal 
a extremely difficult to evaluate. The aut pod 


: tend if 
Was?) without giving references. d cont? 
Hinde, are admirable. They bo 


Richards’ pape 
females, 
on Dur ‘ factory for a final report. ‘Two of aes pe 
i idomi : plainl limi eports. One ° st 
ae on thalidomide children is very epetiilice | p Pekan by Sander me p^ 
“emissed as Seine altogether too Pretentious. On the basis of nebulous evidence | velo? 
ry that the two most important factors 1? 


"I 
ape 
r DY 
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Ment are adaptation and information processing. Another contribution, by Morgan and 
Ricciuti, is interesting but confounds variables: this experiment concerns the effects of 
Strangers on infant behaviour. The two experimenters (one a man, the other a woman) took 
it in turn to be the stranger and observer. The two experimenters had significantly different 
effects on the infants: this is attributed to their effect as strangers and the alternative explana- 
S that the difference was in the way that the two experimenters observed, is not con- 
sidered, 


_ Altogether this is a patchy but interesting report. What is needed now is a book by a 
Single author in which the contribution of all four seminars are brought together in a single 


framework, P. E. BRYANT 


Brain and Behaviour. Volumes 1-4. Edited by Karl Pribram. Harmondsworth: 
Penguin Books Ltd. 1969. Pp. 496 + 573 + 523 + 524. 12s. 6d. per volume. 


This is a curious selection of readings with some notable virtues. R. S. Peters and 
Pribram speak on the subject of Freud while Freud speaks on Aphasia. I regard this as an 
excellent division of labour. The series is organized into four volumes: Mood, States and 

ind, Perception and Action, Memory Mechanisms and Adaptation. In only the third is 
the title a guide to the contents, and the subsections are similarly unconstrained. About one- 
third of the papers are authored or co-authored by Pribram himself. Some of these serve 
the function of summarizing and linking the sections rather better than the usual comments of 
editors, Others, however, do not appear to have the generality or far-reaching significance 
Usually required. of reprinted papers. Along with modern work in neuropsychology are 
Classical papers by Gall and Spurzheim, Coghill, von Monakow, Herrick, and others. On 

^lance this is a useful selection. Mark P. Haccarp 


Publications Received 
Books 


3 bs chological Approach to Abnormal Behaviour. By 5E Ullmann and L. Krasner. 
AnBlewood-Cliffs N.J.: Prentice-Hall. 1969. Pp. xiii + 687. — 
P Handbook of MMPI Group Profiles. By R. I. Lanyon. London: Oxford University 
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Ymbols in Societys By H. D. Duncan. London: Oxford University Press. 1969. Pp. 
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THE PERCEPTION OF BRIEFLY EXPOSED: y^ 
POINT-SOURCES OF LIGHT 


B. DELISLE BURNS, G. MANDL,j R. PRITCHARD? AND 
CORDELIA WEBB 
National Institute for Medical Research, Mill Hill, London, N.W.7 


Point-sources of light (dots) were exposed for 10 to 50 msec. before five dark-adapted 
subjects in a dimly illuminated room. During voluntary fixation with one eye, the 
target was exposed some 10° on the nasal side of the optic axis. The intensity x 
duration of all targets was 2 X threshold and they consisted of either a single dot, or a 
Pair of dots separated by a distance that was less than that required for two-point 

iscrimination. In two-thirds of trials both the single-dot and the two-dot targets 
Were perceived as short thin lines of various orientation. Although individual per- 
cepts were unpredictable, there was a preferred or most likely orientation for 
Tesponses to the single-dot target; this was near to the horizontal for all five subjects. 

here was no significant difference between the preferred orientations for single-dot 
targets tested at sites more than 1? apart in the visual field. When two single-dot 
targets, separated by about 1°, were exposed simultaneously, the orientations of the 
Perceived lines sometimes differed by as much as 80°; occasionally, one target was 
reported as a dot while the other was seen as a thin line. If the single-dot was 
briefly exposed between two continuously visible and parallel straight lines, the 
target usually appeared as a thin line, parallel to the framing lines. Some of these 
results appear to be consistent with the hypothesis that the human visual cortex, like 
that of the cat and monkey, contains neurones that are orientation specific. 


Introduction 


übel and Wiesel first demonstrated the orientation preference of cells in the 
me Cortex of anaesthetized cats. Using extracellular microelectrodes, they 
a p the discharges of cortical units, which would respond to brief exposure of 
ES traight white line or black/white border in the visual field, provided that its 
P gue ibn lay close to some optimal value. It appears that some degree of 
entation preference is a property of most, if not all, such cortical units (Hubel and 
‘sel, 1959, 1962; Burns and Pritchard, unpublished; Barlow, Blakemore and 
Sttigrew, 1967; Campbell, Cleland, Cooper and Enroth-Cugell, 1968). Hubel 
: lesel (1963) have also shown that visual units of similar orientation preference 
em arranged in columns, running radially through the cortical grey matter. They 
Meo the diameter of each column of functionally similar cells to be approxi- 
enl 500 u. There seems to be general agreement that the orientation pre- 
ir Nees of cortical cells in the cat show no particular bias, and columns with every 
ection of preference are equally likely to be encountered. Similar orientation 


I present address: Department of Physiology, McGill University, Montreal, P.Q., Canada. 
Di sent address; Department of Psychology, McMaster University, Hamilton, Ontario, 
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© support this idea. Andrews (1967) has shown by 
for orientation and constant errors of 


i ions. He proposes that 
« ] nd 
tuned" near the horizontal and vertical direc 


tes i subsequent elevation of visual threshold for 4 
7 aA irm t af the same gun his procedure produced a reduction in 
- or gratings sul sequently exposed at righ sei one 
ati f J ta T -o0nditiont 
grating. It seems possible that in thi P dias to (he oí 


in cells of the human visual cere Je 
Campbell and Kulikowski did P^. 
conditioning grating that has be 
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We have described below, a different class of experiment, the results of which 
can also be interpreted as the consequences of exciting units in the human cerebral 
pum that display orientation preference. The origin of these experiments came 
rom the following somewhat tenuous reasoning: 

if (1) cells in the human visual cortex display orientation preference, and 


| tig 
if (2) these units are arranged in functional columns of neighbouring units 


showing similar preference, and 
if (3) ajust perceptible point source of illumination in the visual field produces 


cortical excitation that is restricted to one column of cells, and 


if (4) the human nervous system makes use of the information provided by the 


orientation preference of visual units, 
(M then a point source of light exposed tachistoscopically at near threshold brilliance 
| Should appear as a thin white line. 
Despite the uncertainties of the argument t 
Shown that a briefly exposed point of light w 
thin white line in approximately two-thirds of exposures. 


hat led to these tests, our results have 
as perceived by all five subjects as a 


Methods 


Figure 1, which is not drawn to scale, illustrates the equipment used in these experiments. 

Sunt subject was seated comfortably with chin and forehead against firm, shaped rests. 

s xag iSc were asked to fixate a neon-illuminated target (F) on a pearl glass screen (G), 
cm. in front of the left eye; both eyes were open but the right eye was prevented from 


Seeing the glass screen by an opaque screen (Sj. The targets used for brief exposure in 
da experiments were images of the ends of three light-tubes projected through the lens 
a uH (L) upon the back-side of the pearl-glass screen. Only one of these light tubes 

=T) is shown in the diagram. ‘These tubes carried light from the spots of a Tektronix 


oem T d 


128 cm 


Subject 


$i Se 
e apparatus used. See Methods fo 


The times for which the CRT 
-tubes were governed by 


Ficurer. Diagram of th r full explanation. 


do 
^ Bate edam ftieds ray tube (CRT) ee pos Lo 
Cane iving end of the a a 
eo Ktronix palin aa a decuit: In this way we were able to produce manner 
PES. of either a single dot of light (no. 2) or a pair of dots (nos. 1 and 3). TR 
"hs always projected midway between the other two and its intensity was icu to S 
A ess art of the pair. The separation and magnitude of the pair of dots was adjusted to be 
7 of an the limit for two-point discrimination in the part of the visual field used. Most 
| tal lin Work was carried out with targets centred 11° on the nasal side of the field on a horizon- 
T through the optic axis. In these experiments the dots measured o:5 mm. diameter, 
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with centres of the outer pair separated by 2:5 mm. The orientation of the pair of dots 
[Fig. i(1 and 3)] exposed simultaneously, could be altered without knowledge of the 
observer. 

Two out of the five subjects were naive volunteers, who knew nothing about the nature of 
the experiment or its objective at the time they were tested; they were nos. 2 and 5. The 
laboratory was dimly lit and all subjects were allowed 20 min. of dark adaptation before each 
experiment was begun. The illumination of the front of the pearl-glass screen by reflected 
light was approximately oor milliLamberts. (If the subject normally wore spectacles 
these were used during the experiment.) The first step in every experiment was to estimate 
the subject's threshold for visibility of the targets that would be presented; this was measure 
as the threshold duration for a target of constant intensity. Exposure durations were then 
set at 2 to 3 times threshold for use during the experiment; the exposures used, lay between 
1o and 50 msec. The instructions for à particular experiment were read to the subject an 
the experiment was begun. Test exposures were made approximately once in 5 Sec- 
Before each exposure the operator said **Ready ?", and roughly 1 sec. later he lifted screen 
S, and exposed the target. Subjects were asked to report the orientation of any line they 
perceived in terms of 'times of the clock’, between 12-0’clock (vertical), through 3- 
o'clock (horizontal) to 6-o'clock (vertical). Thus a line appearing as ‘vertical + 45 


bui correctly reported as 1-30. Most Subjects were given a rest after each batch of 
30 trials. 


below can be obtained fro 


However, one requirement of these experiments was that the two-dot pattern 


-point discrimination and would therefore 
ince it proved much easier to work with relatively 
rm all the main experiments in the peripheral 
f the opticaxis. In fact, the phenomena describe 

ally dependent upon target position, intensity and 


: “In each trial you will be presented 

ons, which will appear to you as ? 

à Immediately after each exposure, vp 

: S you saw, as a line or a dot Th ets wi 
resented t 1 nl e 

P 9 you in a random we shall not necessarily present equal 


ious orientati 


: ots and lines sed 
in a random Sequence; th i panten we equal, but they were expo 


, also for med : 
T 20 tests including 60 dots and 6o lines, 
andom from 1, 2, 3» 4, 5 and 6-o'clock. 

of this test: 


€ shows the mean 


Performance of the five subjects- 
'WO-dots 


Was perceived correctly in two-thirds of Fur 


ts show clearly ¢ = :stingul 
between the two targets, y that the Subjects were unable to distingu 
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4 During Experiment I, the subject was asked to report only whether he had seen a 
ns "i a line; he was not asked to describe the orientation of any line that he per- 
eived. 


Experiment II: Is there a preferred orientation for the lines perceived when a dot is 
shown? 
Experiment II, which is described fully below, was similar to Experiment I, 
RT that the subject was asked to state the orientation of lines that he saw. 
hus, there is some justification for comparing the results of Experiments I and II, 
and this has been done in the last column of Table I. 


'TABLE Í 
pa una c E EL 


% of dots seen as 


Subject Lines Dots lines 
f 
2 a 
g g 
. Ê E og a i s EP i 
5 €e 8553 * 8 $ e a 4 
a & $ a a g 8 a B E E 
3 5 £ c & 3 & g 2 E 9 
I] 9 is Um» 9 S o F7] E: E E 
2 E z 3 8 à 3s 9? 89 E $$ & 
E: E E € a R 7 fs RÀ È & 
a E S S 6 S 6 6 g g Q 
E ^ a B ¢ Z2 wy 4 4 4 B HB m 
3 No 50 60 50 10 60 II 49 82 75 78 
2 No 12 28 13 15 32 16 16 so 75 62 
3 Yes 40 60 31 29 60 28 32 53 47 5o 
d Yes 50 60 42 18 60 25 35 58 65 62 
5 No 40 60 43 17 60 21 39 65 68 66 
Mean 
% 32 62 66 64 


For Experiment II the instructions to the subjects were as follows: “You will be 
Presented with either a very short line at a variety of angles or a single dot. Please 
on the angle of any line you see (as 1-o'clock, 2, 3, 4, 5 OF 6-o'clock) or, if gos 

One, reporta dot. The number of lines and dots presented may not be equal. 
igure 2 is constructed from the results obtained with subject no. 3. The 
d along the abscissa; the subject’s report is 


tar ; 

pl DM presented to the subject are liste > e 

il ag asordinate. The entries in the last column show that this subject was most 
ely to perceive a dot as a line with orientation of 120 to 150° (4 or 5-o'clock). 


X the subject had correctly reported all the targets shown, all the points in 
dan 2 would have fallen in the shaded squares. His results for the line (two-dot) 
Orients show some positive correlation between the orientation presented and the 

ation perceived. Of the line targets he perceived as lines, 12 were reported 
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i y ri ation of the 
with the correct orientation. If he had been uninfluenced by the 0 core 
target, one would have expected a correct report on one-sixth of the 27 trials. 
, 


Target presented 


60 


o 
o 


N 
o 


Target reported 


Dot presented 


150 


180 


Dot reported 


FIGURE 2. Results obtained from subject 3 in Experiment II. 


The results of this experiment for all five subjects are shown in Table II. " 
A summary of the Tesponses of all five subjects to Presentation with single dots is 
provided in Figure 3. Itwi 


: : 5 e 
ll be seen that the orientation preferences were not th 
same, but most of them lay near to the horizontal. 


Tase II 


Correct reports of 
Subject Lines perceived orientation % Correct reports 
I 52 17 32°7 
2 25 6 24'0 
3 30 12 400 
4 44 9 20°5 
5 53 12 22°7 
Expectation if no correlation 16:596 


Perceived appeared to have lengths ranging from 
5' to 30' (2 to 12 mm. at the 128- 


ed 
cm. range of our Screen) and rough tests show 
ngths were percei 


* R ^ to 
ved when the orientation reported was close 
the preferred orientation. 
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40 20 fe) 
d. 4 2 20 40 
20 40 20 40 20 


Subject | Subject 2 Subject 3 
po T? 
| 1 
40 20 40 
Subject 4 Subject5 


FIGURE 3. Summary of responses to dot-targets: Experiment II. Polar diagrams showing the 
Oy Spanier reported by s subjects observing dot-targets. Radial axis indicates percentage of all 
*ports of a particular orientation. 


Experiment III : Does the preferred orientation for the lines seen when dots are presented 
one at a time, vary with the position of the target in the visual field? 
Hubel and Wiesel (1968) have shown that the preferred orientations of neigh- 
Ouring neurones in the visual cortex of the monkey can be very different. It was 
therefore expected that the preferred orientations for responses to our targets would 
Vary with varying positions in the visual field. 
à The instructions to the subject were the same as those given before Experiment 
- In this experiment, however, the targets were presented at one of two 
Neighbouring positions in the visual field, chosen in a random sequence. The 
Subject was unaware that two positions for the targets were employed. ‘The two 
Positions used were 1? 15’ apart; both sites lay in the medial field on a horizontal 


| : ? i 
ine through the optic axis, about 10° from it. . a 
In no case did the preferred orientations for the two sites tested differ significantly 


Tom one another. 


Experiment IV: Are the preferred orientations for the lines seen, when two separate 


ols are presented simultaneously at two different sites in the visual field, always 
identical? 


It appeared that the results of the preceding experiments might be the conse- 
(ence of either astigmatic distortion of the retinal image, or of the small eye move- 
ments of physiological nystagmus. This and the subsequent experiment were 

€Signed to test these alternative explanations. 

The instructions to the subject ran as follows: “Tn each trial you will be presented 
With two stimuli, simultaneously. Please report the apparent angle of both stimuli; 
ie upper stimulus should be reported first.” ‘Two single dot targets were pre- 

nted simultaneously; they straddled a horizontal line through the fixation point 
ib Were 10? on the nasal side of the fixation point. They were separated vertically 

T 32". 
eu ult from subject no. 1 ar 
ates of orientation that inc 


e shown in Figure 4. (This subject provided 
luded ‘half hours.) If the upper and lower 
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Reported angle lower target 
120 150 180 


90 
eS 
AHHH 


[^] 
fo) 
o 
o 


Reported angle upper target 


Reported upper dot 


FIGURE 4. Results obtained from subject 1 in Experiment IV. 


Angle of framing lines 


Reported angle of target 


Dot reported 
F " 
IGURE 5. Results Obtained from Subject 3 in Experiment V. 


Reported lower dot 
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targets had always appeared identical, all the points in Figure 4 would have fallen 
in the shaded squares. In fact, for only 4 out of 30 exposures was this the case. 
The apparent orientations of upper and lower targets could differ by as much as 
82:5*; moreover, on 3 out of 30 exposures one target was perceived as a line, while 
the other was reported as a dot. 
_ It is interesting that the preferred orientations for the upper and lower targets 
in this experiment differed by 30° despite the fact that Experiment III, in which the 
two targets were exposed separately, revealed no significant difference for the two 
Sites of exposure. A similar small difference was obtained from one other subject. 
It seems possible that there is a genuine small difference in orientation preference 
for dot targets separated by 1:5^, but that the difference is so small that it is only 
made apparent in the conditions of Experiment IV, during which the two targets 
are shown simultaneously, one vertically above the other. 

Similar results were given by the other four subjects and show that the orienta- 


tions of two separate single-dot targets, exposed simultaneously, are frequently 
Perceived as similar, but can be very different. 


Experiment V : Can the preferred orientation for a given position in the visual field be 
changed? 


. We found that the preferred orientation for the thin lines observed when a dot 
1S exposed at one point in the visual field, can be influenced by the presence of 
Neighbouring straight lines. The subjects were tested with a single dot exposed 
briefly between two continuously visible and parallel black lines on the dimly 
illuminated white background provided by the pearl-glass screen. The orientation 
of the lines was arranged before each test, so that a variety of orientations was 
Presented in random order. The lines were 3 mm. thick (8 at the 128-cm. range 
of observation that we used), 8 cm. long and parallel; they were separated by 8 mm. 
(21') and the dot was exposed midway between them. This central dot was 
exposed ro? from the optic axis, on the nasal side of the horizontal meridian. 

Instructions to the subject were as follows: “In each trial you will be presented 
With a stimulus framed by two continuously visible lines. Please report the angle 
of the stimulus if it appears to be a line; tell us if you see a dot.” 


Taste III 
Subject Lines perceived Aligned reports % Aligned reports 
I 47 jt 66:0 
2 35 II 300 
3 38 27 710 
44 9 20°5 
16:5% 


5 
Expectation if no correlation 


The results for subject no. 3 are shown in Figure 5. The shaded squares in this 
figure show the places where all the points would fall, if the apparent orientation 
Of the dot were always identical with that of the framing lines. Only 11 out of 38 
Of the targets perceived as lines appeared to have orientations that were different 


308 B. D. BURNS, G. MANDL, R. PRITCHARD AND C. WEBB 


from the framing lines; in the case of this subject most of these differences were 

for reports of horizontal lines. It is also interesting that when the x es s 

framing lines was 60°, the target was usually perceived as a dot. T his o m we 

is in good agreement with the polar diagram for the same subject (Figure 3 

shows that this subject perceived relatively few lines at 60°. , a ate 
Table III summarizes the results for all four subjects who were given this . 


Discussion 


The experiments described abov 


a 
€ were the outcome of an attempt to test 
prediction. Perhaps ‘prediction’ 


: re given 
1s too strong a word; however, we have oa 
f this paper for believing that briefly eposen 
ear as thin white lines to human observers 


and show that a point-source of light is indistinguishable from a thin white line 
in roughly two-third of tachistoscopic exposures. On the other hand, there are 
described that cannot be explained. ——— 

The results of Experiments I and II Show that small visual targets, consisting 0 


nt-sources of light, when exposed for neat-thresholó 
» are usually perceived as thin white lines. These lines may appear to 


orientation (Figure 2), 
rizontal (Figure 3). 


k : isual 
if neurones in the human Eee 
€ cat and monkey. It seems likely 


of perceived orientation. 
only a relatively small nu 
shown that the orientatio 
constant across the corti. 
constructed as a functio 
preference is relatively 
preference altered by 13? 


ine stimulus may still have ee 
Hubel and Wiesel (1968) yrs 
neurones in the monkey is nO 
ortex of this animal seems to be 
f very small areas within which orientation 


constant; in one experiment the recorded ient 
for a 20-4 shift of electrode position, measured par 


The visual c 
nal mosaic o 
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| M of the brain. Thus, if one assumes that similar neurophysiological 

our eae in man, one might expect the orientation preference shown by 

D n rc to dot-targets to vary from place to place in the visual field. 

hete iei Saperument III are not consistent with this expectation. None of 

datctorgens Taa showed any significant differences in orientation preference for 
Preach aee at sites separated by 1? 15' in the visual field. 

1 fan ities e results of Experiments I and Il were consistent with the conception 
nies ea on caused by strictly neurophysiological factors operating in the visual 
they e ao well be the consequence of quite different factors. For instance, 

| the don e caused by astigmatic distortion of the image (Helmholtz, 1924) or by 
ee eye-movements of physiological nystagmus (Yarbus, 1967). Helmholtz 
fsetors Sa some length the star-shaped image ofa luminous point and the optical 

En es Pen ributing to this aberration: these optical properties are clarified when 
Esperia ies of light and optics are applied to image processing (Ditchburn, 1953). 

SER irn = IV and V were designed to test the optical aberration explanation; 

ims ultaneous presentation the numerous sources of aberration are maintained 

ird for both stimuli. 
he hypothesis that astigmatism is the cause of our observations is not supported 
pome of either Experiments IV or V. . One would expect that the astigmatic 

E of the images of two neighbouring and simultaneously exposed point- 

sic dn light would be similar, and might depend only upon the state of accom- 

P ve of the eye at the time (Alpern, 1962). The results of Experiment IV do 

Wt "une both targets are commonly perceived as lines with similar orientation, 
D: E targets sometimes appeared to have quite different orientations. More- 
Deca ere were times when one target appeared as a dot when the other was 
eived as a line. Nor are the results of Experiment V consistent with the 
nEn desis of astigmatism, for it is hard to see how the presence of the two parallel 

Epe, lines used in this test could modify an astigmatic distortion. The 

te Eoi esis that the illusion we have described is the result of small eye-movements 

urin (€ with the results of Experiment IV; were movements of the eye 

ds xation the cause, one would have expected the appearance of two neigh- 
On 3 targets to be invariably identical. . FN 

visal e other hand, if one accepts orientation specificity 

A m, al cortex as the most plausible explanation of our results, so 

St be found for the following observations: 

(i) when dot-targets are repeatedly expose 
field, the orientations of the lines perceived are not alw. 
can in fact differ by as much as 90°; 

(ii) although there is a preferred or most likely orientation for these percepts, 
the preferred orientation does not vary when the target is presented in 
different parts of the visual field; 

l (iii) the preferred orientation can be controlle 

| lines near to the dot-target. 

t e present, we are inclined to believe that each ind 
ce of the dot-target exciting a small number of cel 


ta. 


of neurones in the human 
me explanation 


d in the same part of the visual 
ays the same and 


d by the presence of straight 


ividual percept is the conse- 
ls in the visual cortex, which 
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i il 
ientation specific. Since these cells have always in the past been most pud 
E wem ae borders with a particular orientation, their —€— e 
aed of these experiments is interpreted by the evi renee ale 
‘customary’ orientation. The different orientations a re ee E T 
i et, would be due to inconstancy of image p 1 is 
wea cu cadis the excitation of different groups of — stat 
different occasions. Ditchburn (1956) has calculated that the ag ae 
within a circle of 25 to 50 cones diameter during voluntary fixation. genet ne wit 
tation of our results forces one to conclude that the orientation c T veficati 
cortical units cannot be randomly distributed, in order to account for t = aes 
orientation of percepts reported by our subjects. Thus one would ae pen 
120° preference of subject no. 3 (Figure 2) by assuming that the par oe ae 
cortex which we tested, contained a preponderence of 120°-specific Hun ilia 
is no independent evidence with which to support such a hypothesis: A iens 
) nor Campbell et al. (1968) could find any Tuch dT 
of orientation specificities in the cortex o 


pattern elements into the visual field ( 


; De Si ation 
optimal viewing conditions study, Andrews (1967) has proposed that the m that 
between presented and perce S subject to adaptation and, also, 
orientation-sensitive units 


: ; bya 
al system integrate their outputs by 
Process of mutual inhibition. 


. roh 
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MATCHING LATENCIES FOR 
WORD-SHAPE PAIRS 


PHILIP H. K. SEYMOUR 
Department of Psychology, The University, Dundee 


Four word-shape pairs, circlelCIRCLE, square/SQUARE, seg fe tee 
square/CIRCLE, were Presented under conditions of E j d Rii 25 
subjects. Subjects were instructed to report whether the pair could ec D: of ihess 
same or different by saying “yes” or “no” as rapidly as possible. eres s 6 th 
judgements were measured from the simultaneous onset of the display: e NT 
initiation of the subject’s verbal response. The pair circle/CIRCLE was rep! e 
as same faster than the pair square|SQU ARE. No consistent differences ya ; 
obtained between the two mismatching pairs, However, latencies to repor 
mismatch were consistently longer than latencies to report a match, 


Introduction 


x n 
study by Wingfield (1966) in which subjects were show 


ure of an object, and were instructed 
to say “yes” if the two were the same and “no” if they were different. ST edi i" 
measured from the onset of the Pictorial display to the initiation of the su J ney 
response, were close to 500 msec. for objects having names of high and low freque 


cc : sed 
ofusage. No difference was found between latencies to report a match as oppo 
to a mismatch, 


also concluded that the results w 
was a two-phase process, consistin: 


P Ts : i p 
estimate of familiarity and “any previous Primary processes of reception, percep 
tion and so forth," and a Search, o i i 


n : : ition, 
Cteristics of the object.” This posue 


Wm . een 
o th y Bruner (1957), blurs the distinction betw 
perceptual categorization and name i 


* "Rn i cee 
retrieval, and admits the possibility of differen 
across object categories, 
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These studies differ in some important methodological respects from those carried 
out by Wingfield. (1) The sequential presentation condition used by Wingfield 
has been replaced by a condition of simultaneous presentation of the pictorial 
and verbal displays. This change has been made because the factors of display 
duration and interdisplay interval are relevant parameters which require systematic 
examination (Davis, 1964; Corballis, Lieberman and Bindra, 1968). For the 
Present, the assumption has been made that under conditions of simultaneous 
Presentation all components of the overall latency will be compressed to minimum 
durations, and that the latency will therefore provide a sensitive indicator of 
changes in the operations of processing and comparison attributable to manipulation 
of display characteristics. The latencies reported here consequently include time 
to read the name as well as time to recognize the shape, and are expected to be 
Somewhat longer than those reported by Wingfield. (2) A restricted ensemble of 
geometric shapes and their names has been selected in preference to the larger set 
of object names and naturalistic shapes used by Wingfield. ‘This decision has been 
taken in order to reduce the problem of devising representations which are "modal" 
or “salient” (Brown, 1956). The ensemble consisted of four word-shape pairs 
Benerated by combining the names square and circle with the shapes SOUARE and 
CIRCLE. Within this ensemble factors of word length and familiarity are 
Controlled. Both names specify rather precisely defined sets of two-dimensional 
Shapes. Also, use of only two matching word-shape pairs facilitates control of 
Stimulus and response probabilities. . ; 
. The concepts square and circle can both be represented by a continuous perimeter 
line, However, the specifications required for the construction of SOUARE are 
More extensive than those required for the construction of CIRCLE (Attneave and 
Arnoult, 1956). The CIRCLE is an enclosed figure of high redundancy, whereas 
the SQUARE carries information critical for identification at each corner. In 
terms of the model considered by Oldfield and Wingfield (1965) it might then be 
argued that a smaller number of binary tests for the presence or absence of attri- 
utes are needed for classification of a shape as CIRCLE than for classification as 
SQUARE, Similarly, when the name circle is presented it may specify a shorter 
list of features criterial for inclusion in the class than the name square. On the 
assumption that word-shape matching involves a comparison of a list of features 
Specified by a name and a list of features derived from analysis of a shape, it can be 
Predicted that the pair circle] CIRCLE will be classified as same faster than the pair 
“quare/SQUARE. The prediction follows because the processes of (1) feature 
‘St generation, (2) shape analysis, and (3) comparison are all assumed to be less 
€xtensive for the concept circle than for the concept square. . p 
he experiments also provide data on the times required to classify the mis- 
Matched pairs circle) SQUARE and square| CIRCLE. There is some evidence in the 
recent literature that more time is needed to report a mismatch than a match 
ough, 1965; Fillenbaum, 1964). Both mismatch pairs involve the comparison 
t a short feature list, derived from circle or CIRCLE, and a longer list, pa oe 
ES Square or SQUARE. In the absence of a more fully developed —" the 
Parison process a prediction of no difference between the mismatched pairs 


a 
PPears reasonable. 
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Experiment I 
Method 


Subjects 


iversity 

we M i i e University 
Twenty-four volunteers from classes in the Faculty of Social Science d th : 
of Dundee acted as subjects. All were naive as to the purposes of the experimen 


Apparatus 


fuc n, divided 
Two slide projectors projected down pee E i a a den RN mains 
two juxtaposed 8 x 8 in. display fields. hen a sw as c toate 
ees T amne through a resistance to the projector bulbs, bringt He aB ona 
glow too weak to project a detectable image onto the screens. ‘The nee SV S fuit dis- 
weak fixation light behind one or other of the two screens, which vem i a ore a eee 
play onset was imminent and as an instruction to fixate the centre of t ii es eesti bulbs 
A second switch extinguished the warning/fixation light and brought o E gees 
abruptly to full mains voltage, and at the same time started a ld ied. which 
'The timer was stopped by a signal from a voice-key mounted close to t 


en each 
also extinguished the projector bulbs. Slides were changed manually betwe 
presentation. 


Displays 


j circle 

Two sets of displays were prepared. The first consisted of the words squarë CLE 

printed in Letraset (Univers 55, 36 pt., lower case), and the shapes SQUARE an 2 rmsieiems 
outlined in black ink. These displays were photographed and mounted as on as ed 

In the second set word and shape were combined to form four displays in whic CIRCLE, 
was printed inside the shape, giving the combinations square| SQUARE, circle] ; 


: 60 in. 
square| CIRCLE and circle|SQUARE. Subjects viewed the screens at a distance of 
Under these conditions the sha: 


) words 
pes subtended a visual angle of 2 deg. 30 min., and re 
a slightly smaller angle. "The centres of the two screens were separated by 7 deg. 
angle. 


Procedure 


Subjects were randomly allocated to one of three 
of each of the four word-shape pairs, of the 
pair matched and “no” where the pair mismatched. Thus, frequencies of occurrence 
four stimulus pairs and of the two 
Presentation was randomized and diffe 
word-shape pair should appear 5 time 
Subjects were given initial practice in r 
to illumination of the screens. 2 iven 
pairs. The experiment was run as 4 blocks of 20 presentations, a short rest being 8 
between each block. Subjec iled to 
with the avoidance of error. Where errors did occur, or where the response faile 
trigger the voice key, the prese 

Subjects in groups I and II octe in. 
given trial, the word was prese en and the shape on the other. were 
these groups fixated the right-hand screen throughout two blocks of presentations, an onë 
left-hand throughout the remaini ubjects in each group being allocated to © 
of the orders RLLR, LRRL, RLRL or LRLR. j 


encies fixate shap 


and across word-shape pairs. For subjects in 


fixated screen was consistent, 
blocks 1 and 2, and a fixate sh 
the remaining subjects. The 


"s s 
e and fixate word were equated within ae 
group II the class of display appearing me at 
S being allocated to a fixate word conma for 
ape condition at blocks 3 and 4, this order being cpm cen 
distinction between groups I and II was, therefore, one be 


2-4. 
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Po ce ua esi scheduling of the fixate word and fixate shape conditions. Control 

light. y instruction to fixate the centre of the screen illuminated by the warning 

i pen; an = samne e displays on a single screen throughout 
: S 

fest nated aii bes artem a to direction of saccade and class of display 

abu m tested individually in a quiet, darkened room. 'The test session lasted 


Results 


A erbe rate recorded was 3:8 per cent. Hence, 75 of the 1920 latencies 

were repetitions following errors. 

BÉ response latencies for each subject under each of the four stimulus- 

Table T gee were calculated. The group means are summarized in 
: ese data were submitted to an analysis of variance within a three- 


TABLE I 


Response latencies (msec.) to matched and mismatched word-shape pairs (Experiment I) 
Vn rr NM M LLL 


Response “Yes” “No” 
. circle/ square/ Mean circle/ square/ Mean 
Display CIRCLE SQUARE match SQUARE CIRCLE mismatch 
Group a 
oe 748 768 758 792 823 808 
SPpati i 
Senne eti 720 765 743 816 Sor 809 
displays 593 634 614 688 665 677 


super-imposed 


"MM impeed O O OOOO eM — 


Means for each display pair are based on 160 readings. 


oe design having repeated measures on two factors (Winer, 1962). The analysis 
icated a significant effect for groups of subjects (F = 22:59; d.f.— 2,215 
Eine nes Inspection of the data shown in Table I suggests that this effect is 
"a y attributable to the faster response times of subjects in group III. Com- 
Cice. of group means confirms that there is no difference between group J and 
fis up II (t= 0-3; d.f. = 14; n.s.), but that group III differs significantly both 
m group I (t= 6:03; d.f. = 14; P < ooo1) and from group II (t = 5779; 
a A IA; P <o-001). Thus, no difference was found for blocked vs. randomized 
en uling of the fixate word and fixate shape contingencies. The combined 
tim entation condition was, however, associated with significantly faster response 
es, the difference being of the order of 130 msec. 


F à PS ; ; 
actors examined within subjects were response category (match/mismatch) and 
t effect was obtained for response 


Wi 
in. Presented (square/circle). A highly significan 
gory (F = go-29; d.f. = 1,21; P < o-oor). It is clear from Table I that this 


effe. b A H 
to ie arises because latencies to report a match are consistently faster than latencies 
Porta mismatch. The difference is of the order of 60 msec. 


316 P. H. K. SEYMOUR 


The main test of the simple prediction outlined in the Introduction was an 

xamining the effect of the word presented. This effect is also highly signi e 
(P = d.f. = 1,21; P « oor) However, a significant ies d ce és 
obtained between word displayed and response category (F= ae i : ior Ba 
P — oor) Inspection of the data supports the view that the effec vise 

i ir ci IRCLE is associated with faster laten 

presented arises because the pair circle/C. J i dme. 
than the pair square|SOU ARE; the interaction occurs because comp 
differences were not obtained between the two mismatch pairs. . mind 

The validity of this interpretation was tested by carrying out comparisons a E 
the ordered means of the display pairs for each group, following the ied 
Keuls procedure (Winer, 1962). The comparisons showed that the pair en Re 
CIRCLE was associated with faster response times than the pair square/ SQ That 
for all groups, and that this difference was significant at, at least, the 0°05 ees 
groups II and III but not for group I. No significant differences were o ame 
between the mismatched pairs, square| CIRCLE and circle| SQUARE. eas ilis 
both matching pairs differed significantly from both mismatched pairs, with » 
exception of group I, where the difference between square| SQUARE and circ 
SQUARE was not significant. í ae 

The results of Experiment I were, in general, in line with prediction, there A 
in showing (1) faster times for the pair circlel CIRCLE than for the pair squar : 
SQUARE, (2) faster times for a match than for a mismatch, and (3) no difference 
between the mismatch pairs square| CIRCLE and circle SQUARE. In the absenc 
of interactions with groups of subjects it can be concluded that the effects H 
concept and decision outcome are not influenced by the spatial characteristics of the 


displays or blocked or randomized scheduling of the fixate word and fixate shape 
contingencies. However, 


the comparisons among means showed some attenuation 
of these effects for group I (randomized scheduling). Inspection supported ths 
view that, for group I, the fixate shape contingency was slower than the fixate wor 
contingency, although this effect did not occur for group II (blocked scheduling). 
One interpretation of this finding might be that the fixate word contingency 
corresponds to the preferred Strategy in word-shape matching, and that the blocke 


schedule facilitates adoption of this strategy, whereas randomized scheduling tends 
to disrupt it. The condition a 


F ‘ion applied to group I appears, therefore, to raise a 
concerning the order of input of information in the word-shape matching tas 
which are outside the Scope of the present paper. For this reason, the decisio? 
was taken to run a second experiment designed to confirm the validity of the 
findings for the blocked scheduling condition in Experiment I. 


Experiment 
Method pe 5 
Subjects 


These were 24 volunteers from a class in education and psychology at the University 8 
Dundee, all of whom were naive as to the aims of the experiment 
Apparatus and displays 
These were as in E 


: 3 e 
À Xperiment I, with the except; ined word-shaP' 
displays were not aed , eption that the combi 


& 
Z 


n 


MATCHING LATENCIES FOR WORD-SHAPE PAIRS 317 


Procedure 


Ep initially allocated to one of four groups. The experiment differed from 
rere ped in that the factors of direction of saccade and class of display fixated were 
zu eee eom For block 1, consisting of 48 presentations, subjects in groups I 
iind dienen 2E right-hand screen, and subjects in groups III and IV fixated the left- 
end TV to . roups I and III were allocated to a fixate shape condition, and groups II 
Tae a — word condition. Control of the direction of saccade was again by 
depre Eh to fixate the centre of the screen showing the warning light immediately before 
ors UE mee Each of the four word-shape pairs appeared r2 times in the block in an 
Fallo es was random and different for each subject. 

ib iocis completion of block 1 a second block of 48 presentations was given. Half the 
eee n each group switched at this point from the fixate word to the fixate shape condition, 
as indus NE. The remaining subjects were allocated to the same condition under block 2 
oes ock 1. The design therefore permitted a comparison, across two blocks of 
and f ations, of fixate shape/fixate shape, fixate word|fixate word, fixate shape/fixate word 

xate word/fixate shape conditions, and represented an extension of the procedures 


applied to group II in Experiment I. 


Results 
The error rate recorded was 3:99 per cent, or 92 repetitions following error out of 


^ : 
total of 2304 latencies. 


A preliminary analysis was carried out on the mean response latencies for each 


Subj ee 
ubject under each word-shape pair at block 1 within a three-factor design with 


Te : 
Peated measures on one factor (Winer, 1962). No effects for the between 


Broup factors of direction of saccade or class of display fixated were obtained, F 


Ms xe less than 1 in each case. A significant effect was obtained for display 
In (F = 35-74; d.f. = 3,60; P < o'oo1) No interactions were significant. 
T the absence of an effect for direction of saccade this factor was dropped from 
or d HUS, and subjects were regrouped on the basis of the class of display (word 
con PY] fixated under blocks 1 and 2, giving four groups, corresponding to the 
- Itions shape/shape, word|/word, shape[word and word|shape. The data for these 
to nh. deg are summarized graphically in Figure 1. These data were submitted 
enis ysis of variance within a three-factor design, with repeated measures on two 
igit AU and display pairs). The analysis confirmed the absence of signifi- 
effe ifferences between groups of subjects (F <1; 4.f. = 3:20; ns.). The 
ct of blocks of presentations was also not significant (F = 3:61; d.f. = 1,20; 
d. uc O-1), and no interaction between groups and blocks was obtained (F = 1445 
of oo? n.s.). This provides support for the conclusion based on examination 
under conditions of blocked scheduling no 
conti le to use of the fixate word and fixate shape 
Ingencies, or to a shift from one contingency to the other. 
highly significant (F = 50°16; d.f. = 3,60; 
0-001). [Inspection of Figure 1 suggests that this effect is attributable to 
i ingency, and to faster response 
RE under the match contingency. 
s used to carry out comparisons among the 
h block of presentations. Mismatched pairs 


i 
Splay means for each group at eac 
e times than matching pairs for 


Wer : 
€ associated with significantly slower respons 
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- / word 
Group | - shape /shape Group II - word 
850 
800 n sa /CIR 
i q 
an —— cir/SQ 
750 os ti MA "m 
cir/CIR S —— — — cir/ CR 
4A 700 —————— st 
3 
E] 
5 650 
g 90 
5 Group Ill - shape / word Group IV -word /shape 
A o /CIR 
cir/SQ 
800 
sq/SQ 
750 
cir/CIR 
SSE 
ex cir/CIR 
= Block | Block2 Block | Block 2 T 
] Experime 
FIGURE 1. Response latencies (msec.) to matched and mismatched word-shape pairs ( 
= ‘tion fixate 
XM dition 
N.B. Each point is the mean of 72 observations. Open circles indicate the con 
shape and filled circles the condition fixate word. 


0°05 
all groups at both blocks. The pair circle/CIRCLE was faster, at, at least 1g 
level, than the pair square 


were 

|SQUARE for all comparisons made. To ad 

again less obvious under the mismatch contingency. However, the een 1, 

SQUARE was significantly faster than square| CIRCLE for group I E block 1- 
and groups II and IV at block 2, the order being reversed for group IV i tI 
Experiment II consequently serves to confirm the findings of Experiment © 


General Discussion al 
‘ er 
The analyses of the two experiments which have been reported provide gener 
support for the simple hy: i 


in 4 
a number of The initial hypothesis proposed was that, 
situation where a subject must te 


clt 

class. It was argued a priori that. the pee 
specifies a shorter list of features than the label square. The experimenta han th 
that the pair circlelCIRCLE can accepted as congruent more rapidly t verb? 
pair square|SOU ARE is Compatible with this position. Since the two Y 
labels are matched for familiarity, 1 


se; 
; S 5 : espon 
Te associated by instruction with the same resp 
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it seems that the difference must be located among the inferred processes of feature 
list specification, shape analysis, or comparison. 

These conclusions are based on the assumption that the word-shape matching 

| task is logically subdivisible into four subordinate operations, corresponding to the 

Processing of the two displays, a decision or comparison process, and a process of 

esponse selection and initiation. Figure 2 represents this simple breakdown in 


Display on ? 
ib sali 


feature list 
Adjust 


fixation 


Response production 


Retrieve 
decision 


Analysis of word 


Adjust 
fixation 


Retrieve 


Graphemic 
shape features 


analysis 


‘Some matches 


Feature € 
& mismatches 


analysis 


Store 
features 


Ficure 2. Task analysis of opera 


Phonemic 
analysis 


Initiote 
response 


Record 
decision & store} 


Derive feature] 
list & store 


tions involved in word-shape matching. 


task analysis proposed by 
) the main operations have 
letion of a number of 
nalysis is presented 
although the 
rally 


Gagramatic form. Following the type of hierarchical 
Sagne (1962) and Miller, Galanter and Pribram (1960 
a elaborated to indicate their dependence on the comp 
Ubroutines, each of which could be further analysed. This a 
| s Piae as an aid to discussion of the experimental task. Further, 
| qberations identified appear logically distinct, they need not be treated as tempo 
Istinct, 
| in The data obtained from the present experiments may be interpreted as differences 
| be the durations of the processes of feature derivation, analysis and comparison 
i tween the word-shape pairs circle] CIRCLE and square| SQ UARE. If this 
Dterpretation is valid it follows that variance in word-shape matching times may 
, € expected which will be related, on the input side, to such factors as the specificity 
E the label, the characteristics of the class of patterns designated, and the com- 
Plexity of the presented shape, but not necessarily to the general frequency of 
"Sage of the label. "This view implies a close interdependence between nominal 
and classificatory processes, and raises some question as to whether Wingfield’s 
£966) Prototype matching task should be taken as evidence for the functional 
fo pendence of recognition and naming. However, much depends on the degree 
ls Which the present findings for geometric shapes can be generalized to naturalistic 
| Wis, and on the distinction between sequential and simultaneous presentation 
ons, 
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The second major finding was that latencies were consistently Sa rae n 
word and shape did not match than mes they ws Pers : Pii enr Ae D ds 
is involved here, it is possible that this findi s a simp e 
bem of the vocalizations “yes” and ‘non, This mew 4 eo 
by an examination of times to say “yes” or “no as simple verbal r a"! 
illumination of the display screens. Mean times obtained from 24 u " edm 
subjects were 314 msec. for “yes” and 312 msec. for “no”. These p dam i 
the duration of the operations listed under Response production in d. ae 
There appears to be no reason to locate the match/mismatch difference a of 
Processes of shape and word analysis, since these are logically prior to the a inc 
comparison, on which the selection of the response depends. 'The in pe Pe 
then, that the match/mismatch difference relates to some Secs ‘lifter 
comparison process, and that the processes leading to the output mismatc 6s) 
from those leading to the output match. Bindra, Williams and Wise Dn ¥ 
discussing the opposite result in a study of matching tones of low discriminal Pee 
interpret their findings in terms of two statistical adders, one accumulating im! i 
mation about similarities, the other about dissimilarities. A view of this Lon 
would be consonant with the notion of feature list matching which has been adop 
here, given the additional assumption that, under conditions of high interdisplay 


Eur EA "es dE z the 
discriminability, the criterion for the decision same will be set lower than 
criterion for the decision different. 


Brief reference May als 


Gilbert (1959) has also reported decre- 


m : à : of 
recognition tasks involving saccadic movements 


confirmed the absence of a difference. , : 
ional reading habits may be important A 
: u » 1957; Bryden, 1967), and further experimental study 
of this factor is required. 


efficient Strategy in this situation. Subjects operating under conditions of consis- 


B ; i o! 
$ : cir eye-movements to achieve first fixation 
the word irrespective of the class of display appearing on the fixated screen. 
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THE ROLE OF THE CS AND AVOIDA 

PERIOD DURATION IN DISCRIMINATED 
AVOIDANCE CONDITIONING 


GERALD B. BIEDERMAN 
University of Toronto 


Inan experiment investi 


" au — 
gating the effect of CS duration on discriminated bar pre 
conditioning, subjects w 


ere assigned to one warning period duration (1 '5, 5o or ede 
avoidance training, and to one of the three durations on the 
On each day avoidance behaviour was greatly influenced by 
varning) period, but the duration on day I had no effect on 

e performance. Groups receiving no CS during training, 
voidance contingency, showed little conditioning, but 
int amounts of intertrial responding. Ina second experi- 
CS on day I were shifted to no CS on day II. Avoidance 


produced highly significa: 
ment, subjects receiving 


of subjects in Experiment I having two training sessions with the CS present or 
absent on both days. 


US, following the Mowrer and Lamo 
groups for whom CS terminated befor 


Ulrich, Holz and Azrin, 1964; and most recently, D'Amato, Fazzaro and Etkin, 
1968). 


e ] etermine the function of the CS itself by 
training avoidance behaviour w; i 
provided. 
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Method 
Subjects 


Fifty-four male Sprague-Dawley rats approximately 100 days old at the beginning of the 
experiment, served as subjects. The subjects were experimentally naive. 


Apparatus 

The apparatus consisted of two commercial (Grason-Stadler) two-bar experimental 
Stations with the right bar removed. Scrambled foot shock from a Grason-Stadler shock 
generator (E6070B) was delivered to the subject through the floor grid with a shock intensity 
of ro ma. 'The CS was white noise, while the ventilating fan provided a masking noise 
Within the enclosures containing the experimental stations. The fan noise measured 
70 dB at the rear of the chamber, with the CS bringing the sound intensity to SodB. All 
Programming was automatic; responses were recorded by an Esterline-Angus event recorder 
and by electro-mechanical counters. 


Procedure 
On the day preceding training the escape response was shaped (as necessary); this response 
Consisted of a bar-press during shock. 'The avoidance contingency was in force, but 
avoidance responding during the shaping trials was rare. The shock used in shaping 
trials 1 to 20) was continuous shock terminated by the escape response; on the remaining 
trials (21 to 40), following a failure to avoid, the shock cycled 0-2 sec. on, 2°0 sec. off, until 

€ escape response was produced (D’Amato, Keller and DiCara, 1964). : . 

wenty-seven subjects were randomly selected to receive CS (white noise), while the 
Temaining 27 subjects received no warning stimulus, although the avoidance contingency 
Was available to them. ‘The CS group and the group with no CS were randomly assigned, 
respectively, to one of three avoidance interval durations (1°5, 5'9 or T5°° sec.) for the first 
ay of training and to one of the three durations for the second day of training, ina 3 X 3 
factorial design. The avoidance interval for a subject on day I of training was used on the 
Shaping session. Subjects received 500 trials each day; each trial consisted of the avoidance 
Period, in which a response prevented the occurrence of shock and terminated the trial, or 
in the event of a failure to avoid, the avoidance period was followed by discontinuous shock 
Which terminated with the escape response. For CS groups the white noise coincided with 


the beginning of each trial and was terminated when the trial ended. Each response 
(avoidance or escape) was followed by a VI 45-sec. intertrial interval (ITI) programmed by a 
ded but they had no further 


m-tape programmer. Bar presses during the ITI were recor 
Consequences. 


Results 


Avoidance conditioning was measured by the mean percentage of avoidance on 
the last gootrials of each day of training(D’Amato, Keller and Biederman, 1965). In 


addition the general operant level was measure 
(ITR) per roo trial blocks, for the final 400 trials of 


he main result of Experiment I i 
for no CS groups. The day I warning perio r 
on day II performance (F <1) while the day I performance difference (CS group 
Figure 3), as a function of warning period, were significant (F = 7:09; d.f. — 2, 48; 
Pix 0:005); the day II performance differences as a 
day II were similarly significant (F = 19°67, df. = 2, 36 P < 0005). 

The presence of the CS increased avoidance performance on both days I and IT; 
F (day T) = 16-60, d.f. = 1, 48; P <0-005; F (day II) = 3125 d.f.— 1 36; 
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P < 0-005; (Figures 1, 2 and 3). No interactions from the analysis of days I and II 
data, respectively, were significant (F < 1, in all cases). 


Mean per cent avoidance 


Avoidance 
period (sec) 
DayI 


Avoidance period (sec) 
Doy 1 


FIGURE 1. i i 
REI. Avoidance performance on last 400 trials on day II of training with CS present. 
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Fic! i 
URE 2. Avoidance performance on day II of training with no CS present. 
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Te = of intertrial responding for both days I and II reveals that the absence 

s e affected the amount of responding during the ITI. The no cs 

= se uced approximately three times the level of ITR when compared with the 

iod ronpi im (Figure 4); the no CS group's rate of response doubled by day II, 

andi Ei pes 5 and 6 F (day I) = 3543 d.f. = 1, 48; P < 0005; F (day II) 

me , d.f. = Ln 36; P 9:005). No other main effect or interaction on days 
reached significance (in each case, F <1). 
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Ficure 3. Mean per cent avoidance on day I of training. 
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Ficure 4. Mean intertrial responses on day I of training. 
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Experiment II 


" The purpose of this experiment was to show the contribution of the presence of 
e CS to the acquisition of avoidance behaviour, by changing the CS condition 
within groups. 
Method 
Subjects 

Twenty Sprague-Dawley males, 100 days old, served as subjects. 


Apparatus and procedure 


Men apparatus and general procedure were similar to Experiment I. In the present 
e all subjects received a 15'0 sec. avoidance period. Ten subjects were randomly 
Ten e i receive CS (white noise) on the first day of training and no CS on the second day. 
SERES jects received no CS on the first day of training and received CS on the second day; 

in each group day I and shaping stimulus conditions were identical. All other experi- 


m h " 
ental parameters were the same as in Experiment I. 


Results 
of Experiment II is given in Table I. The group 


A summary of the results 
I and then shifting to no-CS on day II, shows no 


Initially receiving CS on day 
TABLE I 


Mean percentage of avoidance responses (Experiment II) 


queo LL LLL PAM a aM 


Day I Day II 

Group (%) (%) 
CS, No CS 37°38 31°60 
No CS, CS 30°38 59°50 


nous ee ie quce 


s Snificant decrement in performance (correlated t < 1), whereas the group 
riginally without CS and then shifted to CS shows a significant improvement 


(correlated t = 2:67, d.f. = 9% P < oos) When the day II performance in 


Xperiment II for the no CS—CS group is compared with the group in Experiment 


that had a 15-sec. warning period and CS on both days no significant difference is 


revealed (t = 1:00, d.f. = 17). Similarly, when the CS—No CS groupis compared 
to the group in the first experiment which had 15-sec. avoi 


em idance training for both 
training days but no CS on either day, the difference in the percentage avoidance 
is not significantly different (t < 1, 4f. = 17). 


Discussion 


Bolles’ (1967) conclusion that warning 

than avoidance learning. The fact 
o learn (and who actually perform 
hen their second- 


The results of the first experiment support 
i. riod duration affects performance rather 
E subjects who are given greater opportunity t nd 

a higher avoidance level) fail to show subsequent superiority W 


da ji à : A 
Y performance is considered, requires explanation. 
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It is possible that during longer avoidance periods the initial fear response "à Hu 
onset of the CS may be given more chance to dissipate and not interfere wi sr 
production of the avoidance response, but why this should not result in ona 
groups remaining at the 15-sec. duration for the two training days is not c a lage 

The intertrial responding in Experiment I presents at first glance a simi i 
puzzling state of affairs. Subjects without cs but who none-the-less gc 
opportunity to avoid shock produce far more intertrial responses than subjects E 
receive CS throughout conditioning. If intertrial responding reflects the ees a 
operant level the probability then exists that subjects with a higher operant lev 


should be more likely to respond during the avoidance interval. Itis more reason- 
able to assume, however, that the in 


occurrence of the shock itself, 


To this extent the CS may serv 
1965). 

The results of Experimen 
more important role in the 


behaviour. If avoidance learning in the abse 


ck. The emitting 
temporal cues provided by the CS which might b 
formance rather than an acquisition role (Sidman, 1966). 


In Summary, it may well be the case 
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DISCRIMINATION OF CIRCLES A 

SQUARES WITH AND WITHOUT KNOBS 
BY GOLDFISH 


N. $. SUTHERLAND AND ROSEMARY BOWMAN 
Laboratory of Experimental Psychology, University of Sussex 


Different groups of goldfish were trained to discriminate between a PN em 
either a square, a diamond, a square with a knob added at the top or a diamon enifi- 
aknob. Allsubjects readily mastered the discrimination, and there was no sig! In 
cant difference between the groups in the number of trials taken to criterion. d 
transfer tests it was found that: (i) while there was no transfer from square to diamo ja 
or vice versa, the presence of knobs on these shapes did mediate transfer from one : 
the other, provided the knob remained in the top part of the shapes; (ii) all GOME” 
learned much more about the tops of the shapes than about the bottom faveur 
(iii) animals discriminated the Square from the circle largely by detecting the pre 
of a strong horizontal edge at the top of the figure; (iv) two features of the diamon : 
were discriminated—the presence of oblique contours and the existence of a poin 


3 d 
in the upper half of the shape. The results are discussed in-terms of a propose 
model of shape recognition. 


Introduction 


vis ; e for 
:£ Deutsch, 1955). Existing evidence ah ns 
hat after animals have been trained to discri ina 
ed shapes are classified as the same as the orig 


In special cases, According to this theory, e» 
description of a Shape stored in the animal's brain is highly abstract. Since d 
description is based on recording the orientation of the edges of a shape, rotation 
transfer would not normally occur, One of the cases in which it would be expect 
to occur is where a sh. 


ape contains some s 
separately from the remainder of the sha 


i 3 er 
answer the question of Whether adding a feature to a shape may mediate transf 
when the shape is rotated, 


Different fish were 
shapes shown in the fi 
to these four shapes 


p CR our 
trained to discriminate between a circle and one of the f 


r 
The word "square" will be used to pa 
S will be termed normal square, meat 
he hyphenated “k” refers to the pres 
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GROUP NS -K GROUP D GROUP D-K 


TRAINING SHAPES PEE 


SHAPES GROUP NS 


Knob only rotated 
TI-5* 


Ld 
a 75% 
g 75% 


Knob-altered 
| 65* 


e the percentage of trials on 


The numbers indicat 
eated as equivalent to the training square by 


F 

Which a i. Training and transfer shapes. 

fuh the shape shown opposite each number was tr 
group, 

of the experiment we determined how readily 

Je and a normal square. This problem has 

nflicting. Herter (1949) found 


bane preliminary to the main part 
Sen rh discriminate between a circ 
ittle investigated in fish, and the evidence is co 
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i t 
that a catfish readily discriminated between a normal square = ber a 
Hemmings (19655) working with various tropical fish, found that t : ae 
tion was impossible without pretraining on rectangle vs. circle, ^. dope 
readily learnt to discriminate between a circle and a diamond withou 
re it is known that, having been trained to discriminate iege : wre = 
and a normal square or diamond, octopuses show no transfer when S ie fail 
is rotated through 45? (Sutherland, 1959). We tested whether goldfis a act 
to transfer to rotated squares. Finally, some of the fish were trained to discrim e 
between a circle and a Square or diamond containing a knob in order to disc s 
Whether the presence of the knob would mediate transfer when the shape 
rotated. 
Method 

Subjects and maintenance 

The subjects were 16 common goldfish 


P in in length- 
(Carassius auratus), of from 3 to 6 in. in ee 
During the experiments, the fish received no food outside the experimental situation. 


: : ing 
were kept in individual tanks, of plastic-covered angle-iron with glass sides, ege." 
18 X 10 X roin. and filled to a depth of 7-5 in., giving a capacity of about 4*5 gal. 


minimize distraction. 


glass-wool filter hung on the outside far wall. 
from electric pumps. 


: an 
stone, and an Bei aon í air 
Diffusers and filters were supplied with ¢ 


n ; wit! 
high evaporation made daily topping PR e 
distilled water necessary. Both water and filter materials were changed once a month, 4 


: out 

any debris removed from the floor of the tank each morning. The water was kept at ab 
minimize algal growth. 

Experimental situation 


Full details and discussion of the tra 


Sutherland (1963). Each animal was 
the fish was retained at 


OE . A and 
ining situation used can be found in Mackintosh 


. RC E ial 
trained in its own tank. At the start of each tria’, 
the near end of th 


were made of } in. black Perspex. At the centre of each shape and projecting towards He 
fish was a black feeding trough with a shallow hole drilled i 
the bait (Hykro Concentrated Goldfish Food). 
the detention screen, 


Pretraining 


The fish were first trained to take food from a trough presented by itself on either side of 
the discrimination screen. Once a regular response had been achieved, the detention 
screen was introduced, and the fish were trained to go through the opening as soon as me 
door was raised, and take the food from the trough. Each fish received roo trials of a 
pretraining; they were then taking 10 to 29 S€c. to reach the trough once the door had bee j 
lifted. All subjects were then given 20 trials with the positive shape alone, presented 9 
either side of the Partition. At the end of pri 


training response latencies averaged 6 sec- 
Training 


Y 
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otim [5 response was the fish’s snapping at one of the shapes. If, as occasionally 
Poet oe A 2: sh snapped at the positive shape but missed the food, the negative shape was 
Ee dn e trial continued until the food was taken, when both screens were removed 
bier : 2 en first, if the fish chose wrongly, it was allowed to correct immediately, but 
ED ec oes was modified to curb developing position habits in some of the fish. In 
da sel i ure, after a wrong choice, a large piece of white Perspex was inserted into the 
Gnu he = to chase the fish back behind the detention screen, and the trial was re-run 
freed i i» chose correctly. After three successive mistakes within a trial, the fish was 
ings o the correct side by inserting a transparent Perspex screen in front of the negative 


Control and transfer tests 
oe of training, control tests, in which both shapes were baited with food, were 
aie with further training trials, to make sure that the fish had not learned to dis- 
conect e in terms of any perceived difference between the pebble and the food. No 
EUM was given after an incorrect choice during control tests. In the final stage of the 
ent training trials were alternated with transfer tests, in which new shapes were 


shi a : 
Own. In transfer tests, both shapes were baited with food, and no correction was given. 


Experimental design 


, There were four experimental groups, each of four fish. Each group was trained to 


oe between a circle and a square of equal area. Different groups were trained with 
hus Fx square shapes, as shown in row 1 of Fig. no All shapes were 17°5 cm. in area. 
fecha. ri in each. group were trained with circle positive, two with circle negative. Ten 
techni ay were given with an intertrial interval of about 20 min. The immediate correction 
bier was used for the first 100 trials, then the modified method was substituted. The 
fists (i received 140 training trials, followed by one day of alternating training and control 
tester five trials of each type). After the control tests, animals were given ten transfer 
n With each of a number of pairs of transfer shapes. Five transfer tests were given each 
ze each preceded by a retraining trial. 
27 i Shapes used in transfer tests for each group are shown in Fig. 1. Except in tests 
Pd 28 and 29 the circle was always one of the two shapes shown. The ten trials on each 
"ansfer pair were completed before the next pair was presented. The transfer tests on 
in ent Shapes were not given in a predetermined order since some of the later tests were 
su rted in order to test hypotheses suggested by the earlier tests. Two considerations 
&gest that animals’ performance on transfer tests was not influenced by the serial order of 

€ tests. First, performance on the retraining trials remained constant throughout the 
lea” series. Second, as a control against order effects, we repeated the first transfer test 
1) at the end of the series. No significant change in scores occurred: the amount of 

nge for each group between the two occasions on which this test was presented ranged 


Stween 2:5 and 10 per cent and two groups showed more transfer, two less. 


fis Results 
Titia] learning 


All goldfish had met a criterion of 18 or more 

i i of training. There were no significan bet h 
pe Our main groups either in terms of trials to meet criterion or int 
Teentage correct; the average number of days to criterion for each of groups 
ie NS-K, D, D-K was 10, 7; 7; 1% respectively, and the average number of 
rect responses made per group over the first five days training ranged between 

: and 78 per cent. During the retraining trials given on day 15, the fish averaged 
4 per cent correct as compared with 89 per cent correct on the interspersed 


correct responses over two days by 


t differences between the scores of 
erms of 
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" : idence 
trol trials; since the difference was not significant, this was peus wir ai 
inim the fish had not solved the discrimination merely in terms of t jq icc 
ated the food pellet and the pebble with which the shapes were baited in 
E the first three days of training, animals trained with -— ee en 
scored more highly (68 per cent correct) than animals trained with de weal 
(53 per cent correct): this was true within each of the four groups a vs igit 
difference between the scores of animals trained in opposite directions Ee 
significant (P < o-oo1 by a Wilcoxon test for unpaired e sai oover the 
had largely disappeared by the end of training and was no longer im ca le gosta 
last three days of training, during which period animals trained with circ a e 
averaged 86 per cent while animals trained with square positive averag, al n 
cent correct. There was therefore at the beginning of training a strong p are 
for the squares over the circle. This preference may have been the resu 
pretraining to approach the trough, which was of square cross-section. 


Transfer tests 


two animals trained with s fie 
pair. Except in tests 27, 28 and 29 the other member of the pair was always 
original circle. 

Since there were onl 
results presents some 
when a subject trained 


y four animals in e. 
difficulties. 


with circle po 
ative approa 


responses is 0:062 by a one-tailed bi 
it is legitimate to use a one-tailed test since (except in tests 27» ha 
and 29) direction of transfer can be Predicted from the presence of the circle. T 
significance of differences in perf 


i Q : f this 
1n several instances it was possible onan nee 
combining groups. Finally, the Ede an 
different groups was evaluated by the Ma 


E 
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for significance of difference between groups). In test 27 a horizontal and vertical 
rectangle were presented together and group NS again showed transfer from the 
original square to the horizontal, whereas group NS-K transferred from the original 


square to the vertical rectangle (P = 0-014 for significance of difference). In 
tests 17, 18, 20 and 21, groups NS and NS-K treat the triangle with a horizontal 
line at the top as more like the original square than the triangle with an apex at the 
top (P < 0-008 based on eight subjects) whereas the opposite is true for groups D 
and D-K (P < 0-008). In these four tests the triangles were presented separately 
the same result is obtained when an upright 


each paired with a circle but exactly 
and inverted triangle are presented simultaneously (test 28, P < 0:003, based on 


16 subjects). 

The detailed results of the transfer tests support the following conclusions. 

(i) Animals learned the orientation of the contours of the square shapes. There 
Was no transfer from normal square to diamond nor from diamond to normal 
Square (test 1); the eight subjects trained on the normal squares transferred to 
horizontal and vertical rectangles (P < 0004 for all eight subjects) but not to 
Oblique rectangles whereas subjects trained on the diamonds transferred to oblique 
but not to horizontal and vertical rectangles (tests 12, 13 and 14, P < oor for 
significance of difference between groups). 

It seems likely that group D learned not only the oblique orientation of the lines 
of the diamond but also learned that there was an angle at the top of the shape: 
this group shows better transfer to a parallelogram with point at the top (test 16) 
than toa parallelogram with a straight line at the top (test 15, P = 0:062 for signifi- 
cance of difference) despite the fact that both figures contain the same amount of 
Oblique contour. Someoftheresults quoted under (ii) also support this conclusion. 

(ii) The animals’ behaviour was controlled by the tops of the shapes much more 
than by the bottom halves. In tests 17 to 21, there was better transfer from normal 
Square to triangles with a straight line at the top and a point at the bottom than to 
triangles with a point at top anda straight line at bottom (P = 0-016 for significance 
of difference) whereas the reverse is true for animals trained on a diamond (P = 
0016), Transfer to pentagons and hexagons is also determined by whether there is 
a straight line or two oblique lines meeting at a point at the top (tests 22 to 25). 

nce again, animals in groups NS and NS-K showed better transfer when the 
transfer shape had a straight line at the top, whereas groups D and D-K show better 
transfer when there is a point at thetop. Animals trained with the normal square 
Showed more transfer from the square to a horizontal rectangle containing a long 
: rizontal line at top than to a vertical rectangle with only a short horizontal line at 

€ top (tests 12, 13 and 27). : 

(i) A ical roa d kn shapes did detect the presence of the knob since 
transfer falls off if it is omitted (tests 8 and 10); also there was some transfer from 
me square to a circle with a knob presented with the original circle (test 26). 

oreover, when a knob is added to the square for animals trained without the knob, 


Performance again falls off and the drop in transfer is greater when the knob appears 
in the bottom half (test 9, 


în the top half of the shape (test 8) than when it appears i 9 
< 0:003 for significance of difference): this result would be expected from (ii) 


above, 
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i mal 
(iv) The presence of the knob is sufficient to mediate voor = pec had 
square-k to diamond-k and vice cem ^ie the Men spas t i uppe E 
tests 1 and 2). e knob does no " 
tio pes 135^ so that : appears in the bottom half. of the shape € T 
4). It cannot be determined whether this is because animals. is ns mee 
original position of the knob or whether they simply fail to notice it ks e ape 
in the bottom half of the shape. Although the presence of the = ae 
doubtedly detected by groups trained with it present, animals’ per orm xe 
determined more by whether the main contours of the shape were "Mire fln 
vertical or oblique than by whether or not the knob was present, particularl A ve 
case of animals trained on diamond-k. Thus, when the training square wi ans 
removed is presented with a circle with a knob added in its original ak (rei 
is slight transfer from the original Square shape to the square without the kn 


ted 
29); there is also transfer to the original shape with knob removed when P NS- 
with a circle and again this transfer is better for group D-K than for group 
(test 8). 


Discussion 
Theory 


Sutherland (1968), following Clowes ( 
visual shape recognition in animals: it wi 
here without attempting to justify it and 


f 
1967), has outlined a general theo n 
ll be sufficient to state the theory med 
then to see how the present results 


; : ade C10, seen 
things happen. Either a description of the feature detectors firing is writt 


into the store or the pattern of feature detectors firing is matched to an existing 
description in the store. The fo 


xi rmer process corresponds to learning, the latter to 
recognition. Sutherland (1968) and Sutherland 


erent from the original shape. sd 
of horizontal and are 
ular configuration of oblique contours, no trans * 
If, however, the presence of a knob i : 
Stored description of a square bearing a knob neier 
7 en we might expect to find transfer between norm s 
square-k and diamond-k. In the light of the evidence from the present experimen 
we now consider the type of description that goldfish store about the differen 
squares, 


UU 
—————————dÁ———————————— 
—— M ———— 
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1 s. H H 
" G ) CA A with the normal square seem to have stored a rule describing 
m ri entirely in terms of the straight horizontal edge at the top. Provided 
E was retained, transfer from the square occurred. Since, however, 
em i mos reduced when a horizontal line was present at the top but the gies 
o longer vertical, the fish presumably also stored infi i 

: ormation abo - 
Sence of vertical sides. iiis 
ond stored information about the oblique 


Eos i the top of the shape. They also recorded in store the presence of a 
lading the top of the shape (cf. above under Results). This suggests that the 
differe ormed by the intersection of a horizontal and vertical line is stored under a 
bes a description from that used for the angles formed by the intersection of 
m es in any other orientation. This is probably true of man as well as goldfish. 
b es beings a square appears subjectively to be a much less pointed shape 
dia iamond yet geometrically both shapes contain four right angles: the 

mond has points facing north, south, east and west, the square has points facing 


Dorth- 
th-west, north-east, south-west and south-east. 


NS The description formed of each shape was bound by the shape’s orientation— 
us was no generalization from normal square to diamond or vice versa. Since 
wi eem of the knob did mediate transfer to 45° rotations, this means that the 
with re have been coded as a separate feature. Unfortunately, we cannot say 
the ER why goldfish do not transfer when the knob shapes are rotated so that 
mie: appears in the lower half ; either they simply do not notice the knob in 
bise has or they store a descriptive rule that specifies in which region of the 
us yn shape the knob appears. For example, the diamond-k could be described 
top” E^ with oblique contours and point at top containing à knob towards the 
transf ince the square-k can be brought partly under the same description some 
the k er to it would be effected. Nor have we enough information to know how 
‘ne knob itself was specified. It could have been described as a projection, but 


iti ; dL à : "n : 
$ possible that it is simply described as a break in the continuity of a line. If the 
of an indentation in the 


ediated transfer for animals trained on 
lve this 


(ii) Animals trained on the diam 


to 

"a half of the shape would also have m 

Socii square-k and diamond-k. Further work is in progress to reso 
nt, 

much more information 


tal situation goldfish store 
This occurs despite the 


à (v) In the present experimen i 
ke ut the tops of shapes than about their bottom halves. 
t that the fish tend to approach the shapes from below. It seems possible that 
© propensity to record primarily a description of the top of the shapes occurs in 
ob Bed experimental situations and in other species of fish. Thus Hemmings (19654) 
M aree the same result in several species of tropical fishes both when the dis- 
Inanda were targets against which the subject had to push its nose and when 
hape through which t 


€y were holes of a particular s he fish had to learn to swim. 


on “Stimulus Analysing Mechanisms" supported by the 
h (Contract N62558-4791). Miss Bowman is supported 


studentship. 
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PROACTIVE INTERFERENCE AND 
SPONTANEOUS ALTERNATION IN RATS 


A. W. STILL 
University of Cambridge 
atsina T-maze. The first trial of a pair was 


and the delay between trials was 25 min. or 
g the forced choice showed increased 


Two pairs of trials were given to naive ri 
forced to one arm, the second was free, 


IO hr. Rats leftin the maze for 15 sec. followin 
alternation on the second pair of trials at the 25-min. delay as compared with the 


to-hr. delay. This was interpreted as due to a decline in alternation with delay 
on this pair of trials, together with an overall increase in alternation between the first 
and second pairs, and is consistent with the proactive interference theory of 
forgetting. Rats left in for 2 min. showed a decline in alternation with delay on the 
first pair of trials, but not on the second; this is inconsistent with the proactive inter- 


ference theory. 


ed to test the proactive interference theory of 
hich forgetting is due to interference from the 
ed prior to the materials to be remembered. 
at PI is a necessary condition for forgetting, 
eases the rate of, but is not necessary for, 
d out, PI cannot on its own be a sufficient 
t be due to some process occurring after 


^ this investigation rats are us 
ESAE (PI theory), according to w 
A ces of events or learning that occurr 
Pi ong form of the theory would be th 
fo ile a weak form would be that it incr 

rgetting. As Brown (1959) has pointe 


conditi uA ; 
eine this is because forgetting mus 
€ material to be remembered, and therefore cannot be due to an increasing number 


D ptouetively interfering events; there must be either an increasing number of 
Or a T interfering events (events occurring after the event to be remembered), 
Aa ange in the traces of the proactively interfering events, or a change in the 
races of the events to be remembered ; but the hypothesis of trace change is addi- 


tional to the PI theory. 
jaa deryan (1957) and 
- uring the strong form of the PI theory. 
re experienced a subject is in the learning of nons 
Stem there is over 24 hr., and he explains this as being due to the increasing 
a Ount of proactively interfering material as the number of lists already learned is 
ain Furthermore, the small amount of forgetting found in naive subjects 
Be Probably be accounted for without bringing in traditional explanations of 
co ane such as trace decay and retroactive interference. In order to give a 
eee explanation of forgetting in experienced subjects, Underwood and Post- 
tion (1960) suggest that, to learn a new list of paired associates, interfering associa- 
S still present from previous lists must first be extinguished; these extinguished 


Underwood and Postman (1960) present evidence 
Underwood (1957) shows that the 
ense syllables, the more for- 


m. 
Present address: Department of Psychology, Durham. 
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associations will recover spontaneously with time, and will therefore regain their 
power to interfere with the material to be remembered. 

Evidence against this form of the PI theory has been presented by Warr (1964) 
and Gleitman and Steinman ( 1963). Warr showed that increased forgetting among 
experienced subjects could be partly explained as a function of their more rapid 
learning compared with naive subjects; while Gleitman and Steinman, using 
rats, failed to find the recovery of an extinguished habit predicted by the Underwood 
and Postman theory. A more direct test of the strong form of the PI theory could 
be made, if only it were possible to use completely naive subjects, who would be 


of maze arms 


s . ition of f i ion should nof 
declin itic orgetting, alternation sho 

€ as a function of delay between trials, However, if th e given 4 

further pair of 3 boc en 


Should decline with delay. 


aring a 25-min. with a ro hr. dela These particular 
delays were chosen because (a) them that i rate of dcin e 
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was felt to be necessary to eliminate the effect of the nervousness shown by rats, 
Particularly naive ones, when trials are given in quick succession. In the first 
experiment the brightness difference between the maze arms was varied in order 
to test a hypothesis put forward by Dember and Fowler (1958) to explain why 
Montgomery (1951), unlike most experimenters on spontaneous alternation, found 
that alternation declined rapidly as a function of delay between trials; choice 
behaviour reached chance level after only about one minute. Dember and Fowler 
predict that alternation will decline gradually with delay over several hours, only if 
the maze arms are visually distinct; if the brightness, etc., are identical, the decline 
Should be complete within a minute, so that alternation should not occur at either 
of the delays of these experiments. 


The predictions from the strong 
evidence that, for reasons that seem to 


form of the PI hypothesis are complicated by 
have nothing to do with PI, the general level 


of spontaneous alternation tends to be lower in naive than experienced rats 
(Montgomery, 1952; Walker, 1956). However, even if this is so, the PI theory 
still predicts that only experienced rats will show a decline in alternation with delay. 


Experiment I 
Method 


Subjects 


Eighty experimentally naive female hooded rats, obtained from N.I.M.R., Mill Hill, and 


Approximately 4 months old. 


Abparatus 
An aluminium 'T-maze with both arms, and the stem, 24 in. long. The alleys were 
t in. wide, 5 in. deep, and covered by a clear Perspex roof. Either arm or the stem could 
€ closed at the choice point by means of guillotine doors. The walls of the left arm were 
Painted grey, while those of the right arm were grey for one group, black for the other; 
Otherwise the maze was unpainted. Lighting was provided by two 30 W strip-lights 18 in. 


al ] 
bove, running parallel to, the maze arms. 


Pi rocedure 


t The rats were satiated for food and water. 
€y were put onto a rectangular table top, 


On each of the 8 days prior to the experiment, 
18 x 60 in., in groups of 11 or 12, and handled 


and allowed to explore for 5 min. After the 8th day they were randomly divided into four 
Eroups of 20 rats each; for two groups both maze arms were grey (GG), while for the other 
two one arm was grey, one black (GB); one of the GG and one of the GB groups were given 
25 min. between trials, the others were given 10 hr. The four groups were thus: GG/25 
min., GG/1o hr., GB/25 min. and GB/1o hr. On the ninth to twelfth days the rats were 


tested, the GG groups on the ninth and eleventh, and the GB groups on the tenth and 
twelfth days; the procedure on these 2 days of testing was as follows: 


Day ; 
One pair of trials was given, the first forced by means of a guillotine door blocking 
me to one arm, the second free, with the appropriate delay, 25 min. or 10 hr., between 
^ € trials, The ro-hr. group were given their first trial in the morning, the second in the 
Vening; half the 25-min. group were run in the morning, half in the evening. Half of 
ach group were forced to one arm, half to the other. T he rats were put into the maze 
acing the choice point. They were left in the maze for 15 sec. following the forced choice; 
wllowing the free choice they were left in until both maze arms had been entered and were 
moved 15 sec. after entering the arm not originally chosen; the guillotine doors were not 
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i kept in their home 
closed behind the rats following a choice. During the meo rats ei mare ais 
i ^ 7 o : 
à k situated behind the maze and covered wit an zl m ud 
a ina i discarded. On the free trial the experimen 
ili vi scarded. n the fr Sis ets od 
failing to choose within 5 min. were di reed tal had beo to the el 
i i dicate whether the force: 2 beniren 
look at the tail markings (used to in I Bee aed E aen 
: : t had made its choice. This meant tha iv ihe eame 
Peno aa vigi h cages, and the delay intervals were therefore not perta oe Uis 
potes rat of a group; however, the mean delays p us = and 10 M > ei dha 
i 5 mi g "5 hr. (The difference in t nei 
15 to 35 min., and 9:5 to 105 hr. ( pini 
oe 15-hr; groups arose because the ro-hr. group were gi 
trials in blocks of 18 rats, the 25-min. group in blocks of 6.) 


Day 2 


n trials a$ 
The procedure was the same as on day r. Each rat had the same delay n: day 1i 
on day 1; approximately half in each subgroup were forced to the same ar 


he 
3tot 
half were forced to the opposite arm. Overall, 36 rats were forced to the same arm, 3 
opposite. 


Results 


id 
i arm, di 
Whether a rat was forced to the Same arm on the 2 days, or toa ao pe 
not significantly affect rate of alternation. Therefore, results from arded for 
conditions are combined, and are shown in Table I. Ten rats were disca 


TABLE I 


E P : " ween the 
Percentage alternation as a Junction of delay, experience and degree of difference bet 


two maze arms 


elay GG vs GB Day ı Day 2 N 
25 min. GG 75 8 s 
GB 61 94 E 
10 hr. GG 67 67 £ 
GB 


RH f 1 
failing to choose within 5 min.; four of these were from GG/25 min., so that A er 
this group is 16, three from GB/10 hr. (N = 17), and two from each of the o 


d only be ab 


han about 1 min. 
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delay. A possible interpretation of these results is simply that some extraneous 
factor has increased alternation for the 25-min. group only on day 2. However, 
it is difficult to see what this factor could be, particularly as the groups were not 
run at clearly separate times, the 2 5-min. group being run at various times through- 
out the day. An alternative interpretation, following Walker’s (1956) finding of 
an overall increase in alternation between days 1 and 2, is that the alternation of the 
25-min. group reflects this increase, while for the ro-hr. group the increase is offset 
by proactive interference. Thus, as predicted from the strong form of the PI 
theory, there is a decline with delay on day 2 (though it is not significant), but no 


decline on day 1. 


Experiment II 


the findings of Experiment 1, but, instead of 


An attempt is made to replicate 
lowing the first choice, half were given 2 min. 


giving the rats 15 sec. in the maze fo 
and half 15 sec. 


Method 
Subjects 


One hundred and sixty naive female hooded rats, obtained from 
and approximately 4 months old. 


N.I.M.R., Mill Hill, 


Apparatus 
The same as in Experiment 1 except that, (a) the roofs of the maze were of Ivorene, a 
Substance opaque to all but diffuse light; (b) the two strip-lights were 3 1n. above, and fixed 


to, the roofs; and (c) the left arm always had vertically striped walls, and there were stripes 


of PVC tape on the Ivorene roof, so that the light filtered through in stripes, while the right 
arm had black walls, and a plain Ivorene roof. The rats could be observed making their 
choices through slits between the roofs of the arms and the roof covering the choice point. 


Procedure 

The same as in Experiment 1 except that, (a) the difference between the maze arms was 
the same for all rats; and (b) on day 1 half the rats were given 15 sec. in the maze following 
the forced trial, half were given 2 min. The following labels are therefore descriptive of the 
4 groups: 15 sec./10 hr., 2 min./10 hr., 15 sec./25 min., and 2 min./25 min. On day 2 half 
the rats previously given 15 sec. were given 2 min. in the maze following the forced trial, 
half were given 15 sec. again; similarly, half those previously given 2 min. were given I5 Sec., 


alf were given 2 min. 


Results and Discussion 

Rate of alternation on day 2 was not significantly or systematically affected by the 
Condition (15 sec. or 2 min. on forced choice, forced to left or right) given on day 1. 

herefore results are combined in considering alternation on day 2. 

The results are shown in Table II. Eighteen rats were discarded for failing to 
Choose within 5 min.; four of these were from 15 sec.[10 hr. (N = 36), seven from 
2 min./1o hr. (N = 33), none from 15 sec./25 min. (N = 40), and seven from 2 


min./25 min. (N = 33). The number of rats discarded from the groups given 2 


Min. after the forced choice on day 1 was significantly greater than the number 
discarded from the groups given 15 sec. (8 = $8, P< 0:02). Observation of the 
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i ionality on 
rats suggests that this difference occurred because of increased emotionality 
being picked up out of the maze after 2 min. compared with 15 sec. 


Taste II f 
E i - ing the 
Percentage alternation as a function of delay, experience and time in the maze following 
forced choice 
Time in Day 1 " Day 2 N 
Delay maze 96 alt. N 96 alt. 
25 min. 15 sec. 70 40 73 = 
2 min. 91 33 81 E 
10 hr. 15 sec. 67 36 61 


2 min. 70 


33 81 


delay on day 2 (x? = 2:85, one-tailed P « oo 
alternation at both delays. H 


r in 
ore, there could be some extraneous facto 
Experiment I increasing alternati 


ton at the 25-min. delay on day 2, with the re 
maining variations in alternation bei 
experiments taken together are consistent With the prediction from the strong 
form of the PI hypothesis, 

When the rats are given 2 min. in the maze after the forced choice the results até 
reversed, and there is a decline in alternation with delay on day 1 (x? = 34^ 
one-tailed P < 005), but 


. i a 
not on day 2, Furthermore, there is, if anything: 
decrease in alternation betw 


experiences are postulated, and Provided th 
of memory, the Strong form 
is nota necessary conditio 

The explanation of the 
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? 
WHEN IS A WEIGHT NOT ILLUSORY: 


HELEN E. ROSS 
Psychological Laboratory, University of Cambridge} 


3 NC erial 
Weight illusions occur whenever some aspect of an object—such as Y dem en it 
or colour—arouses the expectation that its weight will be heavier E z EER d 
actually is. The direction of the illusion normally contrasts bet t no eodd de 
weight. When objects are hidden from sight and lifted by strings t ley iskergüe 
no misleading cues, and a correct weight-expectation should be achieve m ighens 
or two trials. When a visible object has the same physical and apparent ‘ d 
a hidden object, it can be defined as non-illusory. "Weighted tins and po i ta BE 
blocks of various sizes were compared with hidden weights. Tins were a air 
non-illusory when their density was about 177, and polystyrene blocks whe 
density was about o:14. ^ ide 

Weight illusions may be due to a central scaling process which enables eee 
range of weights to be estimated, different ranges being selected «cipes, ce oil 
expected value of the weight. If the selected range is inappropriate ani qum 
Occurs. Changes in expected value could also allow for the operation of “weig' 
constancy" during changes in proprioceptive stimulation. 


Introduction 


If two objects are equal in weight but different in 
colour), their apparent weights will differ, 
weight will normally contrast with the diffe 
appearance of the objects. 
these seem to occur only whe 


rial, 
rent 
he 
ut 


one other aspect (e.g. size, mate 
In this case the difference in app? t 
rence that might be expected € 
Illusions of assimilation have also been reporte biect 
n the sensory information is inadequate, and the su def 
relies upon the appearance of the objects (Howard, 1954; Ross, 1966). we der 
and King (1962) report an abnormally high incidence of reversed illusions d the 
normal conditions, but since the larger object was always presented secon 
results are probably confounded by the time-order error. tier, 

The most familiar of the weight illusions is the size-weight illusion (Charpen curs 
1891), where the larger of two equal weights feels lighter. A similar illusion 0C iner 
with differences in material (Wolfe, 1898; Seashore, 1899): if a wooden eon els 
and a metal container are of equal weight and volume, the metal container i 
lighter. Another example is the colour-weight illusion: darker objects are exp ing 
to be heavier than brighter objects (Bullough, 1907), but feel lighter after li 
(De Camp, 1917). 

Presumably these illusions are due 
appearance of objects and their weigh! 
level of perceptual integration. 
illusion in monkeys: and several 
sometimes reversed in very bac! 


e 
to learning the normal relations between t 
t. They also seem to depend on a s b 
Klüver (1933, p. 54) failed to find the size-W' t, oF 
authors have claimed that it is reduced, abse” 033 
kward children (Demoor, 1898; Claparède, 19 
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Rey, 1930; Koseleff, 1936; Jenkin and West, 1958). Doll (1913) claimed that the 
illusion occurred in backward children after a mental age of eight years, and 
Ohwaki (1953) after a mental age of four to five years. General brain deterioration 
in adults seems to have little effect (Nyssen and Bourdon, 1955). However, 
Halstead (1945) reported the absence of the illusion in a patient with a left frontal 
lesion, along with other defects of perception and organization. 

The weight illusions due to size, material and colour seem to depend upon 
weight-cues which have been very thoroughly learned. They can be reduced by 
massed practice, but the effect is often only temporary. Short-term illusions can 
also be induced by suitable recent experience: Uznadze (1939) showed that after 
repeated presentation of a heavy weight to the left hand and a light weight to the 
right hand, the left hand of two equal weights felt lighter. Wetenkamp (1933) 
found that after practice with materials of abnormal densities, the material-weight 
illusion was reversed when the same materials were presented with their normal 
densities. Furthermore, these contrast illusions can be produced by purely 
imaginary practice (Natadze, 1960). 

Both the long-term and the short-term illusions can be classified as “contrast 
with the expected weight.” The changes in expectation seem to entail central 
rather than peripheral processes. Changes in muscle-tension are not necessarily 
involved, since the illusion can occur from pressure alone, without lifting 
(Bochorishvili, 1927; Uznadze, 1931). Changes in the pressure receptors are not 
essential either, since the illusion can occur when the weights are lifted by 
anaesthetized hands (Ross, 1966). 

Since the same physical weight can give rise to a variety of apparent weights, one 

Are someapparent weights 


may wellask which of theapparent weightsis “correct.” 
more illusory than others? If illusions are in fact due to contrast with the expected 


weight, this implies that the apparent weight of an object is not illusory if it is 


correctly expected. However, this tautology does not enable one to determine the 


expected weight of an object experimentally. A practical approach to the problem 
is to display a variety of objects of different weights but the same size (or the same 
weight but different sizes) and ask “Which of these objects feels the right weight 
for its size?" I tried this experiment but found that subjects either could not 
understand or could not answer the question. A better operational definition 
ht of an object is expected correctly if the object is 


Would be to say that the weig ly | j 
lifted with an appropriate force. Unfortunately small errors of lifting are difficult 


to detect. . 
A more fruitful approach to the problem is to use hidden weights. Ifthe objects 
are hidden from sight and lifted on strings there are no visual or tactile cues to their 


weight before lifting. Under this condition expectations are likely to be imprecise 


Or incorrect at first; but after one or two attempts a correct expectation should 
develop unhindered by misleading cues. When the objects are visible the weight- 


Cues are very compelling, and the illusions are difficult to extinguish. This is 
Probably why we shut our eyes when trying to compare the weights of objects or 


"guess the weight of the cake." : 
If hidden weights are non-illusory they can be used as standards by which to 


measure visible weights. When hidden and visible objects of the same physical 
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isi j s 
weight have the same apparent weight it can be argued that the ire ede 
the expected combination of size and weight and is not illusory. A exped 
this sort was suggested by Huang (19454), but he did not make use e e un 
mentally. The advantage of this definition will be discussed in more : 
presentation of some data on the size-weight and material-weight illusions. 


Method 


. i were 
'Three experiments were performed, each involving 15 subjects. The 45 mz iden 
undergraduates and research students of both sexes. In each experiment on All the 
standard weight was used, and a range of visible weights in each of four sizes. Frei 
containers were painted grey. The weights used in the three experiments ee as Hoo aod 
(1) Four sizes of expanded polystyrene blocks, with volumes of 4005, 17 poles p 
550 cm?. Their weight was varied by inserting lead shot in holes cut from the ck pin 
block and then sealed. Sections of 2BA threaded rod were inserted in the tops of t h size 
as vertical handles. The hidden standard weighed 121 g. The weights in each S! 


r utside 
ranged from 90-165 g. There were 3-g. intervals from 1 12-130 g. and s-g. intervals o 
that range. 


(2) Four sizes of tins, with volumes of 
tins were originally coffee tins (Nescafé), 
Ferrania). The tins were weighted wit 
were fitted in the lids as handles. 
venient to produce the same range 


er 
326°9, 194:4, 38-60 and 18:34 cm?. The € e 
and the two smaller tins film containers (Ko ed ro 
h lead shot and wax. Sections of 2BA Beside “one 
The hidden standard weighed 120 g. It was Ai rent 
of weights in all sizes of tins, because of the di pe 
minimum weights of empty tins and maximum weights of full tins. The n 5-8 
Were 100-180, 90-170, 70-150 and 60-130 g., respectively. All weights differed by 
intervals. 


(3) Four sizes of tins, with volumes of 962:7, 326-9, 
was originally a coffee tin (Sainsbury's), and th 
were prepared as before, The hidden stand 
covered in all sizes was 160-270 g. The weig! 
190-250 g. where there were 5-g. intervals. 

All the weights quoted above include an 
were lifted inside a box, A diagram of the 


ize 
194°4 and 38:60 cm. The largest eh 
e others were as described above. The hts 
ard weighed 210 g. The range of end 
hts differed by 10-g. intervals except betw 


ich they 
extra 10 g. due to the attachments by which 
box is shown in Fig. x. 


Handle with — 
supporting disc 


weight 


Ficure i. Diagram of the box used for comparing visible and hidden weights. 


d 
"The box was 33 cm. high, and 43 x 29 cm. on top. The box was open at the back eh 

front, though half the front was hidden by a screen. In the top of the box were two ho 

20 cm. apart. Through each hi 


: cm 
ole hung a crocodile clip, attached to a piece of string 12 
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pe The top of each string was tied to a 2BA bolt, which was supported above the hole 
nts an aluminium disc 2:5 cm. in diameter. The experimenter hung the weights inside the 
ox, by inserting their vertical handles inside the crocodile clips. The subject lifted the 
weights by means of the bolts which were visible on top of the box. The standard weight 
— behind the screen on the subject’s left, but the variable weight on the right could 
_ The testing procedure was the same for all three experiments. The subject was seated 
in front of the box, and the hidden standard was suspended behind the screen. This 
Weight could be of any size since it was not seen. The four different sizes of standards 
were in fact used in turn, but this had no effect upon the results. The experimenter then 
selected the weight which was equal to the standard from one of the sizes of variable weights, 
ra suspended it in the unscreened half of the box. The subject was asked to compare the 

idden visible weights by lifting them alternately with the same hand, looking carefully at the 
visible weight. He lifted them as often as he liked, until he was able to report whether the 
noe weight felt heavier, lighter or the same as the hidden weight. If it felt heavier or 
üghter, he was given a correspondingly lighter or heavier weight (differing by one step 
interval) on the next trial. Different visible weights were presented until the subject 
Judged that the two weights felt equal. The first judgement of "equal" was accepted as the 
Score. The procedure was then repeated for the three other sizes of weights. The order 
9f testing for the four different sizes was randomized between subjects. The whole test 


lasted between 20 and 4o min., depending upon the speed of the subject’s decisions. 


Results 


are shown in Tables I to III. The mean 


The results for individual subjects 
dard are shown graphically in Figure 2, asa 


Weights judged equal to the hidden stan 


'TABLE I 


Weight (g.) of the different sized polystyrene blocks which were matched with a hidden 
standard of 121 g. 


Volume of block (cm.*) 


Subject 4005 1780 800 550 

I 145 128 118 118 

2 127 124 IIS 112 

3 127 124 118 115 

4 140 124 121 115 

5 140 130 121 115 

6 135 121 118 112 

7 127 130 118 115 

8 121 115 118 x10 

9 165 140 140 139 

Xo 145 127 124 128 

11 140 135 127 Test 

12 118 115 118 AE 

13 130 127 121 124 

14 127 130 115 105 

15 145 130 127 121 
Mean 1355 12677 121' 116-6 

01516 02120 


D 00712 


ensity of match 00338 
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TaBe II 


Weight (g.) of the different sized tins which were matched with a hidden standard of 120 8- 


je OR a c 
Volume of tin (cm.?) 


Subject 326:9 19474 38:6 18:54 

1 135 125 120 105 

z 170 145 125 120 

3 155 145 120 IIO 

4 105 95 85 75 

5 135 130 120 115 

~ 159 130 105 9o 
135 125 110 100 r 
E ies 125 110 95 1 

9 140 135 115 110 

ie 130 120 115 100 

IY 135 125 115 110 

Ta 140 135 IIS 110 

13 130 120 115 105 

14 125 120 105 85 

15 130 120 115 100 

Mean 
Density of match "ae 126:3 treig s 


Srg 06499 2:9188 5:5016 


"TABLE III 


Weight (g.) of the different sized tin; which were matched with a hidden standard of 210 £ 


Subject 962-7 Rn of tin c 386 
E 285 230 215 220 
4 "n 220 210 215 f 
4 aa 225 220 215 
5 245 190 180 170 
6 215 230 225 205 
4 220 a 195 195 
8 s 220 195 170 
10 eo 240 230 220 
II 270 200 190 190 
12 236 oe 225 220 
13 225 215 200 
14 aso 2x5 215 215 
15 ae a 205 208 
225 205 205 
Mean j 
Density of match aawo 22177 209:7 203°3 


0°2431 06781 10785 52677 
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function of the logarithm of the density of the visible weight. The straight lines 
shown were fitted by an analysis of variance with a linear regression. In each of 
the three analyses the linear regression accounted for a significant part of the total 
variance, as did the differences between subjects (P < 0-001). 

The log densities where the hidden and visible weights were physically and 
subjectively equal are indicated in Figure 2. The corresponding densities were 


230 Tins standard 210 g. 


Weight matched ( g.) 


Polystyrene 
140 standard-l2l 9. 


i 
I 
I 
220 -5  -LO| -05 0| 

Logs 014261 


log density of weight matched 


üt Ficure 2. Relation between apparent weight and log density. The figure shows the log density 
which a visible weight was correctly matched with a hidden standard. 


91409 for polystyrene, 1:389 for the lighter set of tins and 2-015 for the heavier set. 
The small disagreement over the “correct” density for tins in the two experiments 
1s not surprising considering the variability between subjects. 


Discussion 


The results show that apparent weight is a linear function of the logarithm of 


the density (over the range used) when only the volume is changed, weight and 
When the material is changed the line is shifted sideways. 
d the lighter set of tins. 


ensity where there 
Would be no material-weight ilusion. Since they are parallel (approximately), all 
tins and polystyrene blocks which have the same apparent and physical weight 
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: ight; in 
weight and the same density, they must differ by a smeed v sical weight; 
this case the tins are about 20 g. heavier than the polystyrene OCKS. ssumed that 

In comparing the results for polystyrene and tins in this way it a = derum 
similar results would have been obtained if the same group of su ae f thesin 
used for both experiments. Itis also assumed that hidden standards = viol 
physical weight (ignoring the 1 g. difference) have the same rns s a Sold 
regardless of whether they are compared with polystyrene or tins. aep cie 
on either line has the same apparent weight as any other point on either line, 
all points are equal to the same hidden standard. : ince 

The two Meum with tins cannot be compared in quite the same w 
different hidden standards were used. However, it can be seen that any T aibe 
one line differs from any point on the other line by the same apparent mee Te 
difference in apparent weight of the hidden standards. Since the iom ee 
parallel, a constant difference in physical weight between tins of the same bsolute 
will produce a constant difference in apparent weight, regardless of the a 
value of the density. 

Other authors (Scripture, 1897; Huang, 
the relation between density and the siz 
difficult to compare because of difference 
centage illusion” are ambiguous because 
Such studies will only become comparable 
definition and measurement of an illusion. 

The importance of densit 
between physical and apparent weight 
(1948) found that apparent weight in 


1945; Howard, 1954) have investigated 
e-weight illusion, but their results 21 
S in method. Measures such as ed 
of the arbitrary choice of denomina T 
when some agreement is reached on 


: an 
ghts were also denser. NDS Su 
as varied so that density was cons 55) 
irly accurate. Baker and Dudek (19 


f Babington-Smith (1965, p. 149) found good rank rder m 
of relative weight for most ordinary objects, with E Der Li for less familiar 
igh or low density (e.g. 


responsible for the size-weight ; 55, 1931; Brunswik, 1933; Bu 
1945a,b i Howard, 1954). It was argued that we tend to perceive density rat a 
than weight, and that this is a constancy phenomenon. However, there is 
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independent evidence for density-constancy apart from the size-weight illusion, 
and it is a semantic problem whether we choose to speak of an illusion or of 
constancy. The other weight illusions bear no relation to density-constancy, and 
the material-weight illusion gives the opposite effect. Attempts to explain the 
size-weight illusion by density-constancy are therefore circular, and the concept of 
density-constancy lacks any general explanatory power. 

The term *weight-constancy" has also been used, in a variety of senses. Huang 
(19456) used it in contrast to density-constancy. This seems an inappropriate use 
of the term, since constancy of perception is normally contrasted with a changing 
value of the proximal stimulus. In the case of weight and density, there is no 
change in the proximal stimulus when volume alone is changed. It would be 
Proper to speak of density-constancy despite change of weight, but not weight- 
constancy despite change of density. 

The term **weight-constancy" has been used in a proper sense by several 
authors to contrast with changing proprioceptive information, though the object 
lifted remains the same.  Fischel (1926) and Katz (1935) used it to refer to the fact 
that an object feels much the same weight regardless of the manner of lifting. 
This applies even to amputees with artificial limbs (Katz, 1935, P- 186), and to the 
Perception of weights lifted by mechanical apparatus (Crawford, 1961). Similarly, 
We can to a large extent discount changes in torque (when weights are suspended at 
the ends of rods) provided we have visual information (Torrey, 1963; Woodruff and 
Helson, 1965). We perceive the weights of objects, and not the systematic varia- 
tion in stimulation due to the different positions of the arm or a mechanical 
apparatus. z 

A weight-perception system which responded to the total sensory input would 
have disadvantages which are probably more serious than the occasional illusions 
which result from the existing system. One disadvantage is that it would not 
allow for weight-constancy. To do this the system must be able to discount 
expected changes in sensory input unconnected with the object itself. : Another 
disadvantage is that the number of distinguishable rates of nervous firing is limited, 


and if the available rates had to cover all possible sensory inputs discrimination 
between different intensities would be poor. 


The perception of weight seems to be greatly influenced by the contrast between 
the expected and received sensory inputs, though the value of the expected input is 
also taken into account. This system has the advantage that a large part of the 
Sensory capacity can be used for measuring contrast, thus enhancing contrast 


information at the expense of information about absolute value. ; 
In conclusion, it is argued that the weight illusions are the result ofa measuring 
System which takes into account the expected value of an object. This gives an 
Opportunity for weight-constancy—the disregarding of irrelevant sensory changes 
—and makes maximum use of the sensory capacity for discrimination. 
i i was supported by a research studentship from the 
Ten Fo db. m perdes to Poisson R. L. Gregory for supervising the 
Work; to Professor R. J. Audley and Dr. D. E. Broadbent for helpful criticisms; to Miss 
iolet Cane for statistical help; and Professor O. L. Zangwill for encouragement and 
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Y OF 
AN EXPERIMENTAL STUD 
ANGULAR SUBTENSION 


GERALD H. FISHER 
Department of Psychology, University of Newcastle upon Tyne 


i cribed. 
The confusion arising over judgements of the sizes of angular cs anc obtiss 
Three experiments are reported. In the first, the apparent-sizes o sii Samar 
angles are estimated. In the second, judgements of the sizes was i third 
and downward- and left- and right-facing angles are compare A ipe du 
experiment is concerned with tactile reproduction of angles of specifie ie AN 
discussion an attempt is made to clarify the logical and empirical problems 


Introduction zg acute 
In The Perceptions of Vision Helmholtz stated ". . . that as a general thing 
angles, composed o 


over- 
- - - that acute angles are 


` : 3 or ming 
underestimated, and that the direction of the im D n able 
the angle varies correspondingly |, .» (1902, p. 1 37) As far as we have 
to determine, both these statements 


Sions since ne 


3 Í Rather, 
any independent experimental studi 


loped the 
ments upon the view of Hering (1861) who develop 
principles of angular di i 


es 
and 165°, are underestimated in size; E o 
120°, are overestimated; and the son 
urately of all. These results led Ja ard 
overestimations and underestimations can 
be said to follo 


the exaggeration of obtuse angles . . 


356 
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Angles in degrees 


15 30 45 60 


FIGURE 1. Jastrow’s data referring to judgements of angular subtension. (Reproduced from 


Am. J. Psychol. (1892) 5, with permission.) 


The above statements describing apparent-distortion of angular size are in direct 
contradiction. Helmholtz, Wundt and many others considered that acute angles 
are overestimated and obtuse angles underestimated. Jastrow did not specify the 
names of the “number of writers’ whom he claimed found that acute angles are 
underestimated and obtuse angles overestimated. His own experimental enquiry 
revealed a wide area of underestimation in the case of acute angles and another 
of overestimation for obtuse angles. This outcome was largely in accordance with 
his original statement. A large number of studies of apparent angular subtension 
have been reported. To my knowledge, however, attention has not previously 
been drawn to this contradiction. Since apparent-distortion of angles is extremely 
relevant to understanding fundamental properties of space and shape perception, 
it is timely that an attempt should be made to clarify this problem along with 


Certain important issues attendent upon it. 


Experiment I 


Materials and procedure 
. Naturally, it is possible to prepare an infinite number of combinations of two lines 
intersecting in such a way as to define angular forms. 'To keep this study within realistic 
bounds, however, the stimulus-materials used in this experiment were restricted to the 
angles subtended by a horizontal straight line and a series of further lines drawn so as to 
irradiate through the first and fourth angular quadratures. In this way a set of 36 different 
angles ranging in size from s? through 180° was defined; the increment between adjacent 

upon a white background, the 


figures being 5° drawn in black line 
g 5°. All the angles were drawn In , 
oundaries SÉ which were defined by à black circular mask. 'They were photographed 


and prepared as 2 in. X by2 in. slides. These were exposed by rear projection ona circular 
Shaped screen made from opal glass to a sample of 132 individual subjects. The subjects 
Were seated in a chair constructed so as to hold their heads and bodies firmly in a vertical 
Orientation. The amount of extraneous light in the laboratory was reduced to a minimum. 
The slides were rearranged in dom order each time the experiment was 
Carried out. All subjects were asked to make absolute judgements, in degrees, of the sizes 
9f the angles presented and they made one such judgement only for each angle included. 
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FiGURE 2. Absolute judgements of the sizes subtended by first and fourth q 
Results 


graph-line is defined by th 
included. Angular size is 


"es vertica 
ow each mean value is indicated by a bounded 
bar. These results show that there is a wide 


ments of angular subtensi 


‘o judge 
n angle of 140°; thus, the angle of 140° is d mis 
angles are overestimated mk upon 
t to an angle of 110°, wher 


ltz 
our of the statements made by both Helmbo 
and Wundt but they appear to be contrary to the findings of Jastrow 
previous observations have indicated th 
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» E p — “All acute angles are overestimated" must necessarily be 
E es E a triangle. In Euclidean geometry this is defined as a three- 
olera man A ie the sum of the angles included within which is 180°. The 
E. ces ing lines of an equilateral triangle subtend 60°. Thus, they are all 
eia E specie two 45^ angles are contained within an isosceles, right-angled 
de me A are acute. if the sizes of all acute angles were to be over- 
oe hs should follow that triangular figures are distorted so that their sides 
en a owed appearance. Since triangles appear to preserve their characteristic 

apes and their sides to remain straight, it must follow that all acute angles cannot 


be overestimated in size. 


D 


Ficure 3. The Schumann version of the vertical-horizontal illusion. 


incon the sides of triangular figures do not appear to bow certain features 
o em are susceptible to distortion. A triangle, of the same base and height, 
5 ually appears taller than it is wide. This is one example of the Fick (1851), 
di vertical-horizontal, illusion. Under the influence of this illusion the vertical 
imension of any rectilinear, regular and symmetrical figure, identical in height 
and base, is judged to exceed that of its horizontal extent. While being disarmingly 
re this particular illusion has proved extremely resistant to explanation. A 
urther example of apparent-distortion of this same kind appears in Schumann’s 
(1900) variant upon the vertical-horizontal illusion shown in Figure 3. The illusory 
effect is such that the distance AD appears greater 


& than that of BC. Since this 
it is actually a square rotated about the upright through an angle of 45^, 
Owever, its diagonals are identical 


à in length. The diamond-shaped appearance 
implies that the four angles formed by adjacent sides are distorted. 'To maintain 
Internal formal consistency and to preserve the rectilinear nature of Figure 3, the 
left- and right-pointing right-ang 


p les ABD and ACD must be overestimated in size, 
while the upward- and downward-pointing 


1 angles BAD and BDC must be under- 
estimated. The geometrical equilibrium of this rectilinear figure can only be 
Preserved if the angles included within it are distorted in different directions 


a í Pc > 
ccording to their orientations. 


Method and procedure 

ae the materials prepared for use in Experiment 1, four further sets of photographic 
A5 les were made. One of these was arranged so as to display the angles of 5° through 180° 
cing to the left symmetrically about the horizontal axis (which was not included); the 
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n d downwards 

nd set faced to the right; while the third and fourth sets faced eee] duh: 

OMM Rs about the vertical axis. This whole set E I slides w ai cedant ie 

indivi j h of whom was sea 4 

sample of 132 individual subjects, eac f r i ; r tE 

noa ditis devesibed above. The random order in which the stimuli isis gene ne 

m changed for each participant and all subjects were required to ma 
judgement, in degrees, of the size of each angle. 
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Ficure 4. Absolute judgements of the sizes of angles in different orientations. 


Results 


right-pointing angles were found Dot to differ 
referring to the 


: imilarl 
m were merged and they are plotted in solid line.  Similary 


upward- and do inti i 


up 


ing 
wnwar d-pointing angles did not differ and the judgements n uc y 
ine. These graphs indicate C 


s A tion, 
goes a marked change. First, without exceptio 


Y. : oin 
ys-pointing angles are judged in excess of those which p 
wards and downwards, 


ver 
1 luded. In general sideways-pointing angles ps "et 
estimated but a region of highly accurate Judgements appears between 70° thr 
90^. Secondly, upward- and downward- 


a wide range. Here 


overestimation beco 
The outcome of t 


underlying judgements of angular si 


mes apparent. 


: $ nism 
his particular Part of the study is relevant to the mechan!‘ 


3 hic 
zes. An angle is formed by two lines W. 


180 
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differ in inclination. Perhaps the most obvious basis for making angular judge- 
ments would be for the apparent-inclinations of the two component lines to be 
determined first, whereupon appropriate computation should reveal the size of 
the angle included within them. The data show that the angle of go°, for example, 
is slightly overestimated when facing to either left or right but that it is under- 
estimated when pointing upwards or downwards. Statistically, the difference 
between these two judgements is significant (¢ = 3:48: P —oor) The lines 
Which compose the four 9o? angles being considered, however, have identical 
inclinations; that is to say, the left- and right-pointing angles are both formed 
by two lines inclined at angles of 45? to the vertical. So are the angles pointing 
upwards and downwards. Since the sizes of these angles are judged differently 
depending upon their orientations, however, it must follow that the mechanism 
responsible for apparent angular distortion cannot operate in this simple way. 
, The prediction concerned with judgements of angles seen in different orienta- 
tions, developed from the distortion seen in the Schumann figure, may be 
understood as receiving partial support by these results. The outcome is not 
entirely as expected, however, since the two graph-lines of Figure 4 should be exact 
mirror-images of each other; this being the only way in which the formal con- 
Sistency of the diamond-shaped figure can be maintained. Presumably, therefore, 
Isolation of the angular components of the Schumann figure from the whole form 
is instrumental in modifying its configurational properties in some hitherto 


undetermined way. 


Experiment 3 
ems to confirm that acute angles are over- 


estimated and obtuse angles underestimated. The only significant exception to 
this finding was made by Jastrow. The volume of study undertaken by Jastrow 
in many fields of perception indicates that he was an extremely competent experi- 
mental psychologist of his time. Accordingly, it would be unreasonable to dismiss 
his findings without first seeking possible reasons for his contrary view. Describing 


the procedure adopted in his experiment Jastrow wrote *.. The subject viewed 
the angle as long as was needed to fix it in his mind (from 5 to 15 sec.) and immediately 
ther eupon, from his memory of the angle, drew another as nearly as possible equal 
to the first . . .” (1892, p. 214). Consider the usual statement describing angular 


distortion. An acute angle is see, and thus judged, to be larger than it actually is. 
Hence, when a subject is asked to make an absolute judgement indicating the 
apparent-size of a given acute angle, he will report it to be in excess of its physical 
size, Suppose, however, that he is now asked to construct an angle of specified size 
by drawing two lines in appropriate juxtaposition. Since the angle is judged to 
be larger than it is, when tt is reproduced by construction, appropriate lines will be 
drawn subtending an angular distance smaller than the angle specified. The purpose 
9f the third experiment was to submit this prediction to experimental consideration. 


The outcome of Experiment 1 se 


Apparatus and procedure ; 
A circular piece of dense white plastic material, 300 cm. 1n diameter, was arranged in 
Such a way as to provide a near-infinite visual field for subjects seated in the specially 


362 G. H. FISHER 


constructed chair at a distance of 30 cm. A black circular spot, 5 mm. in diameter, was 
placed in the centre of the field and a black line, 45 cm. long and 2 mm. wide was painted 
so as to extend from the central point horizontally to the right. This was intended to 
provide a datum reference of o°, The subjects were equipped with a transparent, un- 
graduated straight-edge and a wax pencil with which they were required to construct 
angles ranging from 20° to 340°, in increments of 20°. They constructed the angles of 
45°, 90° and 270° also. All the angles were reproduced in a randomly determined order 
and this was changed for every participant subject, who constructed each angle once only. 


Results 
The results of this experiment are shown in Figure 5. They refer to the judge- 


previous studies. It w. 
than their physical 


surately smaller. These results reveal unquestionably that this is the case an 


the results of Experiment 1. According to 
the data shown in Figure 2, however, the area of significant underestimation 9 
obtuse angles is confined to the Tange 115° to 165°. A similar range of overestima- 
tion is evident in Figure 5 but it fails to parallel the previous data exactly. No 
comparison data are available for angles beyond 180° but the symmetry of the 

of the graph seems intuitively to be in keeping with the first two 
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Discussion 


Apparent-distortion of angular size has been discussed widely in studies of visual 
perception. It has been referred to principally for its relevance to visual illusions 
and, as pointed out previously, the problem of why angles themselves appear to 
undergo distortion has been largely ignored. Despite the volume of study, much 
lack of agreement remains over the apparent-sizes of angles. Hering (1861, p. 65) 
reported that the threshold for over- and underestimation occurs at an angle of 60°, 
whereas most writers consider the changeover to take place at 90°. Helmholtz 
fr equently subscribed to the view that acute angles are overestimated in general, 
but he sometimes restricted this to patterns in which they are juxtaposed with 
obtuse angles. Wundt was aware of the phenomenon of apparent angular dis- 
tortion but considered it of secondary importance to the facility with which 
movements of the eyes can be initiated in different directions. He would almost 


Certainly have interpreted the outcome of Experiment 2 in accordance with this 


view. Judd (1899) also claimed that angular distortion was a secondary effect, 
in this case to judgements of the relative lengths of associated lines, as in the 
Ponzo (1912) illusion. Ladd and Woodworth attempted to dismiss the whole 


question of the relevance of apparent angular distortion altogether in claiming that 
in reality, a universal 


itis“... doubtful whether the overestimation of acute angles is, 
principle which can be fully invoked for the explanation of these illusions . . .” (1911, 
P. 445). Pratt found that “. . - both acute angles and obtuse angles (45° and 135° 
were taken to be typical) were as apt to be overestimated as they were to be under- 


estimated . . ." (1926, p- 140) and, hitherto, Samanta (1928) would probably have 


been regarded as the sole supporter of Jastrow's view since he reported that acute 


angles are underestimated in size. . 
N Three factors suggest, however, that distortions of angular size are not of such 
limited generality as to discount them entirely. These are (i) the pattern of dis- 
tortion evident throughout the range of first and fourth quadrant angles; (ii) the 
Systematic tendencies for angles to be differentially distorted in accordance with 
their orientations; and (iii) the relationship between absolute judgements of angular 


subtension and the sizes in which specified angles are constructed. Moreover, 


the results of the present experiments indicate that all previous conflicting findings 


may be understood in terms of the appropriate situation described here. 

At first sight it might appear that Jastrow’s findings could be accommodated 
by the present results also. The procedures adopted in Experiment 3 were intended 
to estáblish the relationship between absolute judgements of the sizes of angles 
and constructing angles of given sizes. The observations of Helmholtz and Wundt 
were confirmed in terms of absolute judgements, while those of Jastrow appeared 
to be in accordance with the sizes of the angles constructed. It should be em- 
Phasized, however, that although the procedures used in this experiment were 


Very similar to those employed by Jastrow, the two situations are not strictly 
comparable. From his description of the experiment which he devised, it seems 
clear that he required his subjects to construct given angles subsequent to having 
made judgements of their sizes; these presumably having been expressed, implicitly 


Or explicitely, in absolute terms. Thus, having judged a given acute angle to 
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be in excess of its actual size, the subjects proceeded to reproduce it. But it is 
difficult to see how Jastrow could have made any prediction as to distortions 
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flattened up and down, and El Greco saw them oblique. His figures gave the im- 
pression of leaning towards the right. When viewing the paintings of these artists 
through proper corrective lenses, all the figures become normally proportioned.” 
(1968, p. 8). Thus, it is commonly supposed that these artists suffered from visual 
defects of some kind. Had they intended their techniques to be representational, 
however, they would have attempted to portray their subject faithfully; that is 
to say the actual and reproduced forms would have seemed to them to be more- 
or-less in correspondence. Since any systematic distortions of the subjects seen 
by the artists would have been countermanded when they attempted to reproduce 
them, it is clear that the characteristic styles of their paintings fail to be 
explained by any defects of their vision. 

Perhaps the most important argument developed in this paper rests upon 
demonstrating a consistent relationship between absolute judgements of angular 
subtension and the judgements involved when specified angles are constructed. 
As far as I am aware, a relationship of this kind has not previously been proposed. 
Wundt attempted to explain a number of examples of apparent spatial distortion 
by the facility with which the eyes can be moved in different directions. He gave 
particular attention to the vertical-horizontal illusion which lends itself to an 
explanation expressed in these terms. Wundt also attempted to explain why 
angles appear distorted when they are examined tactually. He adopted a principle 
Similar to that which he invoked to account for illusions perceived visually observing 
“|. The tactual analogues of the illusion in visual angles is to be found in the tendency 
to overestimate small articular movements and to underestimate large ones. This comes 
under the general principle that a relatively greater expenditure of energy is mira 
for a short movement than for a more extensive one . . ." (1902, P- 137). Ede e Is 
ments of Robertson (1902), Révész (1934), Over (1966) and Fisher (1966) i 
that illusory distortions are not confined to vision. They are experience a 
spatial information is impressed upon the skin and when cd ses ud 8) 
by the fingers and thumb in the absence of vision. When Pritc ar nS 
Stabilized the images of the Zóllner (1860) and Luckiesh (1922) MM Es is 
retina he reported that they appeared as clearly as in normal vision. it 
that visual illusions cannot be explained by eye movements and it —— y 
that tactual distortions will be explained by the facility of moving the hands. 
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SOME EFFECTS OF FRUSTRATION 
IN A 
FREE RESPONDING OPERANT SITUATION 


R. N. WILTON,t} K. T. STRONGMAN 
University of Exeter 
A. NERENBERG 
University of Texas 


rats and pigeons were reinforced on a chained schedule 
e nent but which always had a variable interval 
schedule as its first component. Occasionally, the reward which normally followed 
responding in the second component was omitted. On these frustrative non- 
reward occasions responding immediately subsequent to non-reward was sometimes 
elevated and sometimes depressed. The relevance of the elevation and depression 
effects to behavioural measures of frustration in the double runway was discussed. 


In several experiments, 
which varied in its second compo. 


Introduction 
ned (Amsel, 1958) as the encountering of non- 
d was previously found. Ina free responding 
; "ard following consistent reinforcement con- 
Stitutes one case of frustrative non-reward which may lead to an immediate 
increase in response vigour. Extinction, caused by the continued omission of 
reward is often characterized by an initial increase in response rate (Skinner, 1938; 
Keller and Schoenfeld, 1950). In the present experiments, a technique was 
designed to generate this effect, and allow other effects of frustrative non-reward 
toj be observed, without the subsequent decline in rate due to continued non- 
reinforcement. ‘The second component of a two-component chain schedule was 
Occasionally terminated without reward. Effects on immediately subsequent be- 
aviour were then observed, while overall responding was maintained by the 
reward obtained on the remaining occasions, when the second component was 


allowed to run its full course. 


A frustrative event has been defi 
r P Pa oie s; 
eward in a situation in which rewar 
o ade 5- 

Perant situation an omission of rew 


Experiment 1 
rats were trained to respond on a modified variable interval 
pon variable interval responding, and on 
this tone provided an occasion for reward. 
le; the rat experienced frustrative 
and the concentration of 
etermine whether post- 
nforcer which is omitted 


E In Experiment 1, e 
chedule. A tone was contingent u 
30 per cent of its presented occasions 

n the other occasions reward was not availab. 
Non-reward. The reward consisted of sucrose solution, 

is solution was varied during the experiment to d 
‘Tustration effects are related to the magnitude of the rei 


i NET 
n the frustrating situation. 
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Method 
Subjects 


—— and were 
Four experimentally naive male hooded rats were housed in individual itl ie 
approximately 4 months old at the outset of experimentation. Water was a y 


i of its daily 
in each home cage, and 12 g. of solid food was given to each rat at the end 
experimental session. 


Apparatus 


; ment 
One sound insulated operant conditioning chamber contained a lever and a oun a 
tray. The lever was mounted 24 in. above the floor level. The ii in. ka ba ofthe bar. 
reinforcement tray was recessed into the wall of the chamber, 2} in. to the le pe Jével.df 
A small fountain of Sucrose solution could be licked by the rat, just below Pa PUMP, | 
a } in. diameter hole in the floor of the tray. The fountain was produced X fe sae 
which could be operated for 13 sec. by a break in a photobeam which crosse chanics 
forcement tray. A break in this photobeam constituted a tray response. The de for the 
latency of the pump was long enough to allow a rat access to the sucrose solutio 
& 


] t 
: + rint-ou 
Sessions were programmed through relays, timers and p ` 


force- 
"he 


© component chai 


artia 
for a tray respon Ponent), which is reinforced on a so per cent P 
reinforcement Schedule, 


. i pe y 
k 5° reinforcements (about roo min.). T. 
daily ration of food. 


Procedure 


The procedure Was split into two Stages, [ 
solution was raised from 4 u 


sE 
" sucro 
D à shift up stage the concentration of 
P to 32 per cent, 
32 back to 4 per cent, 


m 
sered ffo 
In a shift down stage it was lowere 

Shift up 


ose 
Forty-eight Sessions were pi i P f suct' 

a s 8iven, in the course of i € concentration O $ 
Solution was raised from 4-8. Which the c 


a 
"om OEVE 
2 I 16-32 per cent. Sucrose at each concentration § 
a reinforcer for 12 sessions, 
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Shift down 


Fifty-six sessions were given, in the course of which the concentration of sucrose solution 
was lowered from 32-16-8-4 per cent. The 16 per cent solution was given for 32 sessions, 
when the periods recording post-frustration and baseline responses were altered in duration 
from day to day in the order 3, 5, 7, 10 and 15 sec. By doing this it was hoped to assess 
the duration of frustration produced energizing effects as a function of time elapsed since 
the onset of a post-frustration period. The 8 and 4 per cent solutions each served as a 
reinforcer for 12 sessions, the response sampling periods then being set at the standard 
IO sec. 


Results 

Responding following a shift in a sucrose concentration often stabilized only 
after several sessions. For this reason, data from the first seven sessions on a 
new concentration were discarded. All subsequent sessions are taken into account 
in the following analyses. 

Figure 1 shows baseline rate and post-frustration rate at each concentration of 
sucrose solution. Each point represents the mean rate over five sessions. Inspec- 
tion of Figure 1 shows that the post-frustration rate is consistently above the 
baseline rate. Also, the difference between the post-frustration and baseline rates 
tends to increase with increases in sucrose concentration. A two-tail t-test indi- 
cates that the difference between the post-frustration rate and the baseline rate 
at the 32 per cent concentration is greater than the difference at the 4 per cent 
shift up concentration (P — 004), and greater than the difference at the 4 per cent 
shift down concentration (P <0'04). Changes in the difference between post- 
frustration rate and baseline rate do not appear to be particular to either the shift 
up or shift down stages, though all changes could depend on experience of the 


shift up stage. 


Responses per second 


1 J) 
6 8 4 4 8 le 32 
Conc of sucrose reinforcer 


o 4 81632 


taken over five sessions at each 


j a f the four rats, s 
ding for each of the fou (O) Mean post-frustration 


Ficure 1. Mean rate of respon i 
hift down stages of Experiment 1. 


concentration in the shift up and s 
ate, (@) mean baseline rate. 
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: f which 
There is evidence of a further post-frustration effect, the esie qe dei 
seems peculiar to the 32 per cent concentration. F ar a = ripis aee 
distribution of post-frustration periods, classified mg _ ap dings af the 
tained responses. These data are taken only from the s Bice epe 
ee Similar data were not available for the shift down p wot generally 
ae the periods containing the maximum number 9s o ne bes df 
contain more responses than the periods containing epi quen dv khe 
responses at lower concentrations. Thus, with increases in conc — To 
is a trend towards an increase in the maximum number of respons 5 lui of 
a post-frustration period. There is also a trend towards a lower 


4% 


> 8% 
E 
g 
E 034 76% 
3 j 
033 
j 
10 200 lo 20 


Responses Per post—frustration period -— 
A 5 numbe 
FIGURE 2. Frequency distribution of Post-frustration periods classified according to mis in 

of contained responses. The data are obtained from five Sessions at each concentra indicate? 
shift up Stage of Experiment 1, The mean Post-frustration rate over the five sessions 1S 

periods containing a very few 
at the 32 per cent concentrat 
of periods containing either a 


d 
: is reverse 

(zero or One) responses, But this trend is r uency 
ion. There is a marked increase in the iet cen 
single response, or no responses, at the 32 P 


TABLE I pift uh 
P i 
Percentage frequency of post-frustration periods containing zero responses at the sh 
concentration in Experiment 1 
4% 8% 16% 32% "= 
Ri 7 3 6 II 
R2 14 7 4 12 
R3 7 9 2 II 
R4 13 8 


| 
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as compared with the 16 per cent. concentration. The total effect is that the 
obtained frequencies up to 32 per cent have a fairly symmetrical distribution, but 
at 32 per cent they show positive skew. Table I shows the relative frequencies 
of periods containing zero responses at each concentration. Each cell at the 
16 per cent concentration contains a lower score than a corresponding cell at both 
the 4 and 32 per cent concentrations (two-tail z-test, 0°05 > P «oo, P < 004). 

A histogram, like that in Figure 2, which shows an increase in the frequency 
of periods containing very few responses, could be obtained if there was rapid 
responding at the beginning of a session, and slow responding towards its end. 
In order to test this hypothesis, the frequency of periods containing zero responses 
was determined for each quarter of a session. Table II shows that in the first 
two quarters of a session all the scores at 32 per cent are above the corresponding 
scores at 16 per cent. ‘To account for these data the satiation hypothesis must 


TaBe II 


Percentage frequency of post-frustration periods containing zero responses in each quarter of 
a session at the shift up 16 and 32 per cent in Experiment 1 


1st 2nd 3rd 4th 
16% 32% 16% 32% 16% 32% 16% 32% 
Ri 2:5 8:0 2:5 8-0 10:0 8:0 8-0 16:0 
R2 50 22:0 oro 4:0 75 6:0 oro 15'5 
R3 25 20°0 oo 4:0 6:0 4:0 oo 16:0 
125 I5 0 2:5 5'0 100 7:8 oo 16°5 


R4 
M 56 16:3 1'3 5*3 84 6:4 z'o 16:0 


Each score is the mean of scores from five successive sessions. 


suppose an extremely rapid onset of satiation at the 32 per cent concentration, 


while also accounting for a high overall rate (Fig. 1). Also, the frequency of 
periods containing zer be high in the first quarter of a session, 


lower in the second and third quarters, and high in the fourth quarter of a session. 
The satiation hypothesis would have difficulty in explaining the drop in frequency 
of periods containing zero responses from the first to the second and third quarters 


of the session; but it would have no difficulty in accounting for the rise in wees 
from the third to the fourth quarter. d at all responsible 


If frustration is to be hel 
for the effect, it would most likely account for the effect in the first pu of the 
session. And so, perhaps there is some indication that some effects of frustration 
are i o occur as the session progresses. . 

veg Bain the data from the shift down stage of the experiment, i 
the reinforcer was a 16 per cent sucrose solution, and the periods recording post- 
frustration and baseline responses were systematically varied from 3 to 15 sec. 
The data are ordered in the form of cumulative records. The open circles represent 
baseline responses. The baseline responses tend to accumulate regularly as the 
time since the onset of a baseline period increases, indicating a fairly consistent 


o responses tends to 
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baseline response rate. The filled circles represent the difference between post- 
frustration and baseline responses. Responses contributing to the difference cease 
to accumulate after about 10 sec. for rats 1 and 4, and some time after 15 sec. 
for rats 2 and 3. 


o 
po a 


responses 


Cumulative 
N 
- 
\ 
10 


aseline Period. E; : 2 once 
+ Each > ren! 
between post-frustration and bare Point represents data from five sessions. (@) Diffe 


aselin ee A sp 
(O) from total Post-frustr. © responses, and are obtained by subtracting baseline respo 


Discussion 


ily 
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assumed to be due to emotional or frustrative effects of non-reward, this has yet 
to be conclusively demonstrated. More usually, it could be due to an absence 
of time spent consuming food, an absence of satiation effects, or an absence of 
some other effect of reinforcement. In the present study, there may be grounds 
for questioning the appropriateness of the chosen baseline measure, but it should 
be noted that a post-reinforcement rate measure would not be a good alternative. 
The conditions preceding post-reinforcement responding differ from those pre- 
ceding post-frustration responding not only because they include the absence of 
frustration, but also because they include the presence of reward. Reinforcement 
could have its own immediate effects, either excitatory (Maltzman, 1950), or 
inhibitory (Hamm, 1967). To compare post-frustration responding with post- 
reinforcement responding would be to confound the effects of frustration with 


the effects of reinforcement. 
A comparison of sessional post-frustration rates at different sucrose concentra- 


tions indicates a general trend for rates to increase with increases in concentration 
(Fig. 1), and the results at the 32 per cent concentration are in accordance with 
this trend. However, a more molecular analysis (Fig. 2) shows a new effect at 
the 32 per cent concentration, post-frustration responding is occasionally attenu- 
ated. The frequency of post-frustration periods containing very few responses 
is greatly increased at the 32 per cent as compared with the 16 per cent concen- 
tration. The occurrence of this effect in the first half, of the session seems to 
preclude an interpretation based on satiation. 

Skinner (1950) reports a similar effect. A pigeon was trained to peck at a disc 
a specific stimulus, and its response latency was recorded. 
discontinued, a scattering of latencies occurred, some 
being very short, others very long. Skinner attributes the occurrence of the 
very long latencies to response interference by emotional behaviour ( and specifically 
not to response extinction). Figure 4 illustrates this effect. In the present 
terminology the upper portion of the figure indicates baseline latencies (actually 
post-reinforcement), and the lower portion indicates post-frustration latencies. 
In this within reinforcement condition an increase in the frequency of long 


on the presentation of 
When reinforcement was 


T 


Responses 
o 


10 


8 3 — 
time in tenths of a second 


Response 
. Frequencies of particular latencies are shown under 


Figure 4. Pigeon’ latenci 
J . Pigeon's response latencies. i T 
“ s n d no reinforcement (adapted from Skinner, 1950). 


PT : E 
nditions of consistent reinforcement an 
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: st usefull 
latencies appears in the post-frustration period. The figure = — um 
compared with Figure 2, where post-frustration rates are comp: E 
forcement conditions. The appearance of periods eee du o M 
the analogue of the long latencies, here characterizes the is cec dbi il 
responding in the 32 per cent and the lower concentration m reis m ina d 
The similarity of the effect in the two studies supports the con sitse 
present post-frustration effects have common causal antecedents wi 

recede normal extinction. "S 
: The technique used in the present experiment does scem to peso di- 
frustration effects which can be constantly regenerated. Given t t det durs 
fication might increase its flexibility. "The substitution of a more "rwr ine e 
of response, such as a second lever, for the tray response, would Eye he siste 
non-reward to be programmed easily when the second component o E ihe eae 
schedule consists of a reinforcement contingency other than FR 3. In 


k 
5 s A x ke 7 pec 
following experiments, pigeons are used as experimental organisms, and key 
responses replace the lever and tray response. 


Experiment 2 


ons were reinforced on a chain schedule, i 
A peck at one key (first component) was oneri] 
t 1, and a peck at a second key (second comp ding 
onse of Experiment 1. The occasion for = upon 
ed by its illumination, which was contingen 


3 1 
H S ene iment 
the same way that the tone used in Exper 
response. 


a response to the first key in 
Was contingent upon a lever 


Method 
Subjects 


t 
i z er cen 
Three experimentally naive adult homing Pigeons were maintained at about 80 P 

of their free feeding weights, 


"Apparatus 
One sound insulated o 
keys of 3 in. diameter, 
other by a red light. A 
consisted of 41 sec. acce; 
and timers contained in 


sponse 
ber contained two translustnit co the 
ated from behind by a poe det $ 
d below the white key. Rein 


s 
a 
ie h re 

SS to a grain mixture, Sessions were programmed throug! 


Preliminary procedure 


ck at 
onse 
chain 


E 
: ; espo” 
ent chain schedule (VI 1 FR 1), in which a pon D 
to a red key (first compon: i nally illuminated another key (second com 
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a response to which operated the grain magazine. Daily sessions of 50 min. each followed 
an initial period of adaptation to the schedule. Response rates were stable after 20 sessions. 
The experimental procedure then began. 


Procedure 

The procedure was split into two stages. In each stage the daily session length was 
100 min. 

Stage 1. The schedule was now altered so that a response to the illuminated white key 
operated the grain magazine on only a 50 per cent random basis. Thus, a response to the 
white key now either operated the grain magazine (reinforcement), darkened the white 
key, and returned the bird to the VI schedule, or failed to operate the grain magazine 
(frustration), darkened the white key, and returned the bird to the VI schedule. The ter- 
mination of the first response to the red key following frustration started a timer which 


allowed the number of responses emitted to the red key in the next 10 sec. (post-frustration 
VI VI Limited hold 


Responses/sec 


} 


^4 LLLLLLLELLLELLLELELT 

LLL 

am c ia m 20 25 
Sessions 


s of three birds in Experiment 2. Response rates 


t d : 
diresponder and the ro-sec. baseline period (O). 


Ficure dividual session: e 
eos frustration periods (9). 


are taken from the ro-sec. post- 
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ý 1 i ere also 

eriod) to be recorded. Ten second periods (baseline periods) of pice ie CI INS 

pled throughout the session, again through a timer, started by me T€ lne esie 

first response to the red key which followed a 2-min. interval pn e d rie arth 
Both timers failed to operate if a “reinforcement” (occasion to illumina 


i red key was 
was already set up on the red key when the first (start timer) response to the 
emitted. A total of 10 sessions was given. 


"Wn *9 sec. 
Stage 2. Conditions were the same as in stage I, except that a il" d nei 
was imposed on the VI schedule of the first component (red key). T : for only guseta 
“reinforcement” (occasion to enter the second component) was availab e [5 In the first 
and was missed if the bird failed to respond to the red key within that M Msg qm 
five sessions an initial limited hold of 2 sec. was gradually reduced to the fin: 
A total of 28 sessions was given. 
Results and discussion 


; d 
Figure 5 shows the response rates of each bird when the patiar 
baseline rates are taken from individual sessions. When exposed to the im 
variable interval (stage 1), none of the birds showed an elevation of post-fr us effect 
rate above baseline rate. "There was, therefore, no evidence of energizing p 
following frustration, and the results from the similar procedure of Exper erm " 
Which used rats as subjects, were not replicated. However, visual TAE lowi ng 
the birds showed that they tended to “pace” the experimental chamber fo 


: : 66, for 
a non-reward response to the white key (see Azrin et al., and Terrace, 1900, 
similar effects), 


The results may be com 
An apparent frustration 
schedule. Post-frustra 
performance. At pres 


Pared with those obtained by Staddon and Innes ( co 
produced energizing effect here occurred on a fized ‘cement 
tion performance was compared with post-reinforc nuine 
ent it would be difficult to say whether this was a Paue to 
uced in more favourable conditions, or a depression 

ecting the post-reinforcement rates. e the 
imposed on the VI Schedule in an attempt to reduce, 


. H e gor" 
€ limited hold Schedule. Birds 2 and 3 show i e rate 
i e now increased baselin 


In Experiment 3, the FR 1 
fixed interval (FI) component, 


Ms 
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times before it had run its full course. This operation is similar to the frustrative 
non-reward operation of Experiments 1 and 2 in that a stimulus which indicates 
that responding may be rewarded (white key in Experiment 2, early part of FI in 
Experiment 3) is replaced by a stimulus which indicates responding will be 
unrewarded (absence of magazine sound in Experiment 2, absence of later part 


of FI in Experiment 3). 
As before, post-frustration and baseline response rates were measured. Also 
measured was the time elapsed between the termination of the FI and the 


resumption of responding in the VI component. 


Method 


Procedure 

The procedure was basically the same as that of Experiment 2, but was changed in the 
following ways. The colour of the VI key, previously red, was now blue. The FR 1 
component was changed to FI 36 sec., and the colour of the appropriate key was changed 
from white to yellow. The FI component could be terminated (frustration), and the yellow 
key darkened, at any time following its initiation. During the time that the FI component 
was in operation the VI tape ceased to program “reinforcements” to the VI component, 
and baseline periods failed to be primed by the 2-min. timer. The session length was 
changed from 100 to 180 min., and magazine exposure time was changed from 4} to 3 sec. 

At the end of Experiment 2, the limited hold contingency was removed from the VI 
component, and the three birds in that experiment were given 12 sessions adaptation to 
the new schedule. On a random so per cent of occasions the FI was terminated 34 sec. 
before reward became available, and the VI schedule was again set in operation without 
food reward being given. On the other so per cent of occasions reward was available 
after 36 sec. Before each of the next 17 sessions began the termination point of the FI 
was moved 2 sec. closer to the completion of the full (36 sec.) FI. Hence, during the 
seventeenth session frustration occurred at the completion of the FI component. Following 
this, the point of FI termination was shifted back 34 sec. for three sessions. 'The previous 
procedure was then repeated, the point of FI termination again being moved 2 sec. closer 
to its full completion time before the start of each session. The replication was complete 


after 17 sessions. 


100 


Mean latency (sec) 


10 30 lO 30 10 
Presentation of FI stimulus (sec) 


Ficure 6. Mean sessional time taken to return to variable interval responding pap m 
x " * H . 5 
frustrative termination of the fixed interval in LE Fa d = n de ee an 
of the time at which frustrative termination occurs. he first three points, 1 1 
i i t. The time of each successive 
and replication, are taken when the FI terminates 2 Sec. after its onset. time of « : 
termination is then 2 sec. longer than the previous termination. Final termination time (last point) 


is 36 sec, Note log scale on ordinate. 
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Results 


At no stage in the experiment were there consistent differences leon ha 
frustration and baseline VI rates. Nor did either rate show a consisten 
as the termination point of FI neared the completion of FI. wwe 

Figure 6 shows the time taken to resume responding on the VI schedu e ces 
the termination of the incompleted fixed interval. In the first experiment ee 
the data from birds 1 and 3 form a monotonic function; latency ri ea 
increases as the time of termination of the fixed interval nears the full comple iiia 
time of 36 seconds. Bird 2 shows a U-shaped function; latency of return te A 
VI schedule first decreases and then increases as the termination time of t fe 
nears the time of completion. In the replication study, the first run funguo 
from all birds appear to be replicated. It should be noted, however, that = 
first three points indicated for each bird, on both the first and the replication pere 
are points taken over three initial sessions at the same termination time of F aid 
Because the monotonic function in bird 1 is so much dependent on the data d e 
these first three Sessions, taken at the Same termination time, some caution rus 
be exercised in accepting these data from bird 1 as providing an adequate replication. 
Discussion 

In Experiment 1, where rats were us 
response energizing effects which incre 
omitted in the frustrating situation, 
by the omission of the largest magnit 


attenuation sometimes occurred. 
used as subjects, results 


b 
ed as subjects, frustration was followed by 


; and no post-frustration i 


F aoe : ab 
ng to its intensity, which presum?": 


as } 
: iude, and 
eases with reward magnitude, that 2 


. a i i z i . el, 
j | ation (Miller and Stevenson, 1936), urination p 
1958) or pacing (Azrin ef al., 1966). 


e present results hay, ration theory (Amsel, 1958); en on 
the most prominent of current theories of partial reinforcement and extinct 
effects. A basic assumption in frustration theory is that some of the effect? 
non-reward can be accounted fo y the energizing and aversive properties 0t ect 
frustration response (RF) which it supposedly generates, Most of the di 


e of 
€ relevance to frust i 
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experimental tests of the basic assumptions have employed an apparatus consisting 
of two runways placed in series. In this double runway apparatus, an energizing 
effect of frustration, produced by an omission of reward at the end of the first 
runway, can be demonstrated as an elevation of running speed in the second 
runway (e.g. Wagner, 1959). This energizing effect, the difference between post- 
frustration and baseline running speeds, is called the frustration effect (FE). 


An important implication of the present results seems to be that the magnitude 
of the theoretical construct RF cannot be easily inferred from the magnitude of 
the FE. As frustration can be followed by response depression, it seems probable 
that the manipulation of an independent variable which might be expected to 
increase the magnitude of RF, could be followed by a reduction in the magnitude 
of the FE, or by no change in the FE, even though other effects of frustration, 
such as emotional or escape behaviour, might be increasing in strength. 


This conclusion should, however, be tempered by a reservation. The FE 
is measured as a change in the vigour of a “tightly bound” running response 
which often occurs in a very narrow runway. Such a response may be less 
susceptible to emotional disruption than those recorded in the present study. 


The preceding discussion has particular relevance to those studies which have 
investigated the magnitude of the FE as a function of reward magnitude in a 
double runway situation. Peckham and Amsel (1964) ran a single group of rats 
on a discrimination procedure whereby they were rewarded with 8 pellets of food 
at the end of the first runway when it was (say) black, and with 2 pellets when 
When food was omitted from the end of the first runway (frus- 


it was white. 
tration), running speed in the second runway was faster when the first runway 


(colour) had been associated with an 8 pellet, rather than a 2 pellet reward. Thus 
the FE in this study was greater, the greater the reduction in reward magnitude. 
McHose and Ludvigson (1965), and Barrett, Peyser and McHose (1965) trained 


different groups of rats on different reward magnitudes in the first runway. When 
d in the second runway 


reward was omitted from this first runway, running spee 
was no greater for those animals which had previously experienced the largest 
reward in the first runway than those animals which had previously received a 
smaller reward in the first runway. One possible explanation of the apparent 
discrepancy in results between the studies is that the magnitude of the su 
response (and running speed in the second runway) is differentially ut 
reward magnitude only when the same rats experience different reward up = 
Another explanation, consistent with the response depression pe a ». 
present studies, is that the magnitude of the frustration response (RF) Vae. y 
the omission of a large reward is so great as to occasionally disrupt, rather a 
enhance subsequent responding. In any group of animals rpeins a 
omission of a large reward, this disruption might occur always for some 2 T 
or intermittently for all animals. In either case an increase in the es € F 
the frustration response might not then be reflected in an increase’ uea i 
its energizing effect. It is wor om either 12 ] 


th noting that rats reduced fr A 
9r from 8 to o pellets in the Barrett et al. study actually ran more slowly in the 
Second runway than rats reduced 


from 4 to o pellets. 
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READING AND TYPING 


L. H. SHAFFER AND J. HARDWICK 
Department of Psychology, University of Exeter 


As an extension to an earlier study on typing, an experiment was carried out on 
skilled touch typists in which they were asked to type texts that differed in word 
structure and word length. It was predicted from certain assumptions about the 
reading process that there should be significant effects of structure, length and 
their interaction. These predictions were confirmed. 


Introduction 


An earlier paper (Shaffer and Hardwick, 1968) examined the relationship between 
text structure and the typing speed and accuracy of professional touch typists. 
In the major experiment the following conjecture was tested: that typing speed 
is a function of (a) word structure (i.e. the extent to which a word approximates 
a linguistic form), (b) word length and (c) an interaction of these factors. An 
analysis of variance on the data led to a rejection of the null hypothesis only for 
the first of these factors. A post mortem on the failure to support (b) and (c) 
suggested that the experimental test was weak, since word length varied randomly 
in the texts and only average length differed between texts. 


It is proposed here to present a stronger test using a more systematic control 
of word length in different texts. 
Reasons for the conjecture were not given in the earlier paper but in discussing 


the results it was put forward as hypothesis that typing is controlled by a tran- 
scription mechanism that reads linguistic fragments of text as input and produces 
as output an ordered sequence of response instructions, each instruction covering 
a single key response. The reasons for the conjecture are stated here as a set 
of assumptions: (1) less familiar or less structured words are broken into shorter 
segments, (2) longer words present greater freedom of partitioning into 
segments and (3) there is a decision time associated with the choice of segments 
that increases with the number of segments and with the freedom of choice. The 
postulated interaction arises from the expectation that in (3), choice of number 
of segments and of segment boundaries are not independent. 
Method 


Subjects . m" : 
"These were eight touch typists employed in the University. All had served in the earlier 
experiments and were selected for their accuracy- 


Apparatus 
Each girl used her own typewriter. 
type with 14 spacing between lines. 
enner digital timer. 


y in lower case 10-point 


Texts were rinted completel p 
4 ded to o'i sec. with a 


Times per text Were recor 
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j d one of 
The eight texts were as follows: Real Word: one text of 52 rn €— 000,000 
17 words between 15 and 17 letters long. All words were taken from the pa bale sach :08 
to 14,000,000 of the Thorndike-Lorge list. Syllabic: one text PEER word 'having 
the Real Word texts by shuffling letters within a word to make a er 15-letter words, 
Syllabic structure. First-Order: one text of s-letter words and one o English. Zero- 
the words constructed randomly with the letter probabilities of written icd randomly 
Order : one text of 5-letter words and one of 15-letter words, the words construc! 


e ic 
idential syllabi 
with all letters equally likely to occur, but rearranged so as to reduce acciden 
structure to a minimum, 


Instruction 


;be the 
] "D y " nscribe 
'This is given in detail in the earlier Paper. The typists were asked to tra. 

texts as accurately and as quickly as possible. 


(see earlier paper). ith one 
© average time per symbol for all subjects is shown in Table I. Wi 


Taste I 
Average response times per symbol (msec.) 


Real First Zero 
Word Syllabic Order Order 


Long words 


178 219 274 371 
Short words 190 202 236 325 
Difference —12 17 38 46 


. & S-metbo 
r as It might seem, If one uses the Scheffé arge 
of contrasts then it can be 
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Discussion 


The results confirm the predictions made above, except for the anomalous result 
in Real Word texts. The anomaly is easily explained and is not of great interest: 
in our choice of words having comparable frequencies of usage the short words 
were not only unfamiliar, they often had unusual syllabic structure (e.g. delft, 
tinct, aorta), whereas the long words were often concatenations of more familiar 
words with prefixes and suffixes (e.g. circumnavigation, electromagnetism). 

It was stated at the outset that we assume typing speed is limited by the rate 
at which text can be read. It should be made clear that the term “read” is used 
generically to refer to a family of input processes each governed by particular 
response requirements. Since the response requirement in typing is a letter by 
letter transliteration of text the reading operation must partition the text into 
segments that can be decomposed into letter strings with some acceptably low 
risk of loss or error through memory failure. It would thus be misleading to 
say that people can read faster than they can type. On the other hand, it would 
be interesting to know whether a typist can adjust her eye-finger span (cf. Butsch, 
1932) independently of her typing speed, or whether she can simultaneously read 


for typing and read for comprehension. 


We gratefully acknowledge the financial support of the Science Research Council for 
this research, which is part of a study on serial skills. 
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BOOK REVIEWS 


" terdam: 
Techniques of Photostimulation in Biology. Edited by B. H. Crawford. Ams 
North-Holland Publishing Company. 1968. Pp. 317. £5 175. 


1 cience 

In spite of the title, this book is biased quite strongly towards the type of iui hot" 

that makes use of Maxwellian-view Optical systems and the like. d sts. The 

biologists will find little specific help here, nor will more "perceptual psycho vos large- 
number of topics which are omitted or mentioned only in passing is disappoin 


ion 
à : » ot mentio! 
For example, the chapter on “Control of the time pattern of the stimulus” does n not 
glow-modulator tubes, the 


even the standard tachist 
“Control of spectral comp 
filters and monochromato 
control. However, there 
above-mentioned field, an 
substitute for) visits to on 


use of a CRO as a light source, electroluminescent mee on 
oscopic electronics-plus-fluorescent-tube apparatus. rference 
osition and intensity of stimulus" deals mainly with hé intensity 
TS and says very little about the commoner problems 2 Pi in the 
are certainly useful tips here for anyone starting ret (bit no 
d for such people the book is a useful supplement to 

€ or two laboratories where such research is being done. E 
Paur WHITTE 


. By 
The Figure-ground Phenomenon in Experimental and Phenomenological Psychology 
Jan C. Bouman. Stockholm: published by theauthor. 1968. Pp. 269. 


"This provides qui i i 
since Rubin. However, it ; 


. : : injec 
his mi perimental psychology is in need of revitalization by an inje 
existential phenomenology. 


By 
Methods for the Measurement of Psychological Performance. (IBP Handbook No. D Pp. 
S. Bieshevel Oxford and Edinburgh: Blackwell Scientific Publications, 19 
iv + 98. 20s, 


the Inte a 
: aptatio 
notion behind the book is that “man’s adaPt?^. ,, 


; ta 
ogical and human performance n select? 
4 The tests described are a ee gene 
: might be of use with; xt of the I.B.P., 

use such a restricted Set of tesi ims hin the conte 


formano 
a 

2 ages 

h some tests described in detail. Many P8£ 


redundancy in the more i 
Joseph Sidowski's 


uc 
hs makes it rather weak. A book $ pete! 
Venables’ “Manual of Psych. 


» or 
nd Instrumentation in Psychology ibeit mot? 
methods” would be vastly better (a 
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expensive) aids to teaching techniques of research. The only thing these two lack which are 
described in the present book is an excellent description of the “Modernity Scale”, and 


some mention of “mental testing” in general. 
A. J. SANFORD 


Experimental Neuropsychology—A Laboratory Manual. By Benjamin L. Hart. San 
Francisco: W. H. Freeman and Company. 1969. Pp. 102. £2; 


This short text is designed to accompany 2 practical course of about 40 hours at a late 
undergraduate or early postgraduate level. There are three sections: the dissection, 
staining, and microscopic examination of rat and ruminant brains; the techniques of stereo- 
taxic surgery, anaesthesia and perfusion; and four experiments in which behaviour is 
modified by brain lessions or inter-cranial stimulation. The work in the last two sections 
is entirely on the rat, and the inclusion of a simple but adequate stereotaxic atlas of the rat 
brain makes the book almost self-contained. It is a pity though that electrical recording 
d. Otherwise, the material is well selected, and the different 


ed by a concise text and a large number of drawings, many in 
h a brief 


techniques are not include 
techniques are clearly explain: 
strip cartoon form. The absence of an index is annoying, but not disastrous in suc 
and well organized book. 

'The one important reservation that must be made before recommending this book 
concerns the inclusion of chronic lesion and implantation experiments. Apart from the 
very doubtful ethics of allowing unskilled people to perform operations that would cause 
g if they were done badly, it is unlikely that British students would legally 
ents under classroom conditions. In any case, most be- 
and Hart's book remains a very 


extreme sufferin 
bo allowed to do these experim' 
havioural techniques can be taught using normal animals, 


useful teaching aid. 
RICHARD LaTTO 


Studies in Cognitive Development. Edited by D. Elkind and J. H. Flavell. London: Oxford 
University Press. 1969. Pp. xix + 502. 84s. 


There has recently been a growing interest in Piaget’s work and the present volume is the 
third published in honour of Jean Piaget in the last few years, after Flavell’s monograph The 
Developmental Psychology of Jean Piaget (1963) and Studies in Cognitive Growth (Bruner, 


Olver and Greenfield, 1966). by fees ; 
aget’s students and followers and it is divided into 


This collection includes 14 papers by Pi 1 y ; d int 
l perspectives, Research perspectives and Applied perspectives dealing in 
st researchers tried either to support or to disprove 


fferent problem situations and different 


three parts Theoretica 
detail with his ideas. Until now mo: 


Piaget’s results by repeating his experiments in dif a 
conditions, e.g. with groups varying in age, intelligence, cultural and social background, 


and in the second part of this book we find some interesting experiments of this type. It 
seems that the most important in this section, Charlesworth's paper, 1$ an attempt to deter- 
mine the role of “surprise” in cognitive development. This is commendable as in the 
studies of surprise main attention has been and still is devoted to motivation and emotions. 
à i ’s orienti flex.) 

(There are some exceptions, ¢-8- Pavlov’s orienting reflex.) . » 

'The main contribution of this book lies in the first part which imposes original pins 
i i i i i i t to analyze the 
E i jiagetian system. It is a theoretcial attemp 
n the interpretation of the Piag! pq pies os 


form: hi k and the main concepts each as conserva I 
al aspects of his work an ch ation 
thpsie dun concepts wi ognitions. Studies in conservation are 


th investigations into c s 
i i i however. 
the most popular topic for Piagetian ex under discussion i 


periments: in the work 1 : a 
Elkind, aims at a detailed conceptual comparison between Piagetian concept ro = : 
what has been studied in experimental psychology as “concept formation Qi ic am et 
Concept attainment). Indeed, Elkind is right to state that the Piagetian ` versi 
Concepts complements rather than supplants the classical one . 


BOOK REVIEWS 
386 


al i rocess, Flavell 
While most studies devoted to psychology of thinking have ras — a lets The 
d Wohlwill analyze in their paper the form and structure o gee ‘i pine Sea: ta 
p follow the recent progress in psycho-linguistics. i They had the i telligence” on 
pomas o — “general model for analysis of the formation of stages = poeta rules 
Chomsky’s distinction between competence and performance. ona solving. This 
and mental operations are distinguished from the actual = o = mii E 
view has been basic to progress in simulation of thinking an = og arenes still 
It has been repeatedly emphasized (e.g. by Duncan), that studie: qe stages, 
without a coherent theory and in my view the emphasis on — Pe to progress in 
problem solving situations and modelling of cognition could be very usefu 


s int. 
sans $ ae d : " ood starting pO! 
psychology of thinking; from this book Piaget's logical system appears a g Ivana MARKOVA 
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authors' numerous experiments are strik- 
ingly different from those obtained by 
Thorndike and others working in this 
field. The research focuses particularly 
on the role of the learner's task orienta- 
tion when receiving reward or punish- 
ment, the effects of varying the ratio of 
reward to punishment in the structure of a 
task, and the determinants of memory 
for reward and punishment. Discussions 
of methodological problems associated 
with research on reward and punishment 


are also presented. 


1968, 205 pp., 79s. 6d. 


Academic Press 

NEW YORK and LONDON 

411 Fifth Avenue, New York, N.Y.10003 

Berkeley Square House, London, 
W1X 6BA. 


Negro 
and 

White 

Children 


,, A PSYCHOLOGICAL STUDY 
' IN THE RURAL SOUTH 


By E. Earl Baughman 
W. Grant Dahlstrom 


Department of Psychology, 
- University of North Carolina 
Chapel Hill, North Carolina 


1968, 572 pp., 140s. 


Reports the scientific conclusions of a unique, bcd 
year study of racially-segregated students in a rur 
economically deprived area of North Carolina. 


CONTENTS: 


SETTING AND METHODS 
Life in Millfield 1 
Procedures Used to Study Millfield's Children 


INTELLIGENCE AND ACADEMIC ACHIEVEMENT 

Ability Differences between Racial, Sex, and Age 
Groups ial 

Academic Achievement, Differences between Racial, 
Sex, Age, and Ability Groups ‘ to 

The Relationship of Selected Family Variables 
Ability and Academic Achievement 


INTELLECTIVE CHANGE 

Changes in IQ Among Young Negro Children 

Changes in IQ Among White Adolescents ae 

The Effect of Kindergarten Training upon the mg 
lective Functioning of Negro and White ue pies 

A Pilot Project To Accelerate the Intellect ite 
velopment of Four-Year-Old Negro and 
Children 


PERSONAL ATTRIBUTES 

Millfield's Teachers View Their Pupils . i 

Eighth-Grade Children as Assessed by the Minneso 
Multiphasic Personality Inventory : 

Fantasy Behaviour: Achievement Motivation 

Fantasy Behaviour: Other Attributes 

Correlates of Peer Popularity 


PERSONAL PERSPECTIVES 


on 
Mothers of Kindergarten-Age Children Report 


ies 
Their Children, Training Practices, and Fani 
Eighth-Grade Children Report on Their Worl 


INTEGRATION AND RECOMMENDATIONS 
Some Summary Comments and Observations 
Narrowing the Gap 


REFERENCES. 
APPENDIX 
AUTHOR INDEX—SUBJECT INDEX. 


Academic Press 
NEW YORK AND LONDON 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 


BERKELEY SQUARE HOUSE, LONDON W1X 6BA 


